


















































































































































































































































































































































































































































SONY: 

Silicon N-Channel Junction FET 

Description Package Outline 
The 2SK125 is an N-Channel silicon junction 

type field effect transistor developed for low-noise 
amplification at frequencies up to UHF. It is espe­
cially suitable for when a wide dynamic range is 
required. 

Features 
• High power gain 

1 2.5 dB (Typ.) 
(f = 1 00 MHz Gate grounded) 

• Low noise figure 
1.5 dB (Typ.) 
(f = 1 00 MHz Gate grounded) 

• Wide dynamic range 
3rd intermodulation distortion 

-52 dB (Typ.l 
(f = 1 00 MHz at 1 00 dBII- input) 

• Small inverse transfer coefficient 
Is 121·= 0.035 (Typ.) 
(f =500 MHz Gate grounded) 

Structure 
Silicon N-Channel junction FET. 

Application 
UHF band amplification, mixing, oscillation, 

analog switches. 

Absolute Maximum Ratings ITa = 26°C) 

• Drain to gate voltage VOGO 35 V 
• Source to gate voltage VSGO 35 V 
• Drain current 10 1 00 mA 
• Gate current IG 1 0 mA 
• Channel temperature Tj 120 °C 
• Storage temperature Tstg - 50 to + 120 °C 
• Allowable power dissipation Po 300 mW 
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2SK12Si 

Unit: mm 

1.3 1. Source 
2. Gate 
3. Drain 

M-230 
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51044A-TO 
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Electrical Characteristics 

Item Symbol Condition 

Gate cutoff current IGSS VGS= -15V, VOS =0 

Gate to source voltage VGSS IG = 10/J-A, Vos =0 

Drain current loss Vos = 1 OV, VGS =0 
P.W=300/J-s 

Gate to source cutoff VGS(OFF) Vos =10V, lo=100/J-A voltage 

Forward transfer IVfsl Vos=10V,lo=10mA 
conductance f=1 kHz 

Reverse transfer Crss VOG = 1 OV, Is =OmA 
capacitan'ce f = 1 MHz, source grounded 

Power gain PG VOG=10V,lo=10mA 
f = 1 00 MHz, BW =2.8 MHz 

VOG=10V,lo=10mA 

Noise figure NF f=100MHz, BW=2.8 MHz 
At the NF of the amplifier 
in the next stage is 4.2 dB 

Intermodulation VOG=10V,lo=10mA, 

distortion IMD fl =100 MHz, f2 =100.1 MHz, 
at 100 dB/J- input 

Junction to ambient 
Iij-a thermal resistance 

Note) ·1. See the 100 MHz, PG, NF, test circuit. 
·2. See the 100 MHz IMD test circuit. 

Min. 

-35 

40 

-2 

10 

·1 
10 

·1 

·2 
-45 

Mark Classification 

SK125 
loss ImA) 

Rank VDS = IOV 
VGS = OV 

2 401075 

loss Rank Lot No. 3 401052 

4 481063 

5 571075 
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2SKI25 

Typ. Max. Unit 

-10 nA 

V 

75 mA 

-6 V 

14 mS 

2.6 3 pF 

12.5 dB 

1.8 2.5 dB 

-52 dB 

190 °CIW . 
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Standard Circuit Design Data 

Item Symbol Condition 

Input resistance rig 

Input capacitance Cig 
VOG = 10V.10 = 10 mA 

Output resistance rog f = 100MHz 

Output capacitance Cog 

Power gain PG 
VOG = 10V.10 = 10 mA 

Noise figure NF f = 500 MHz. BW = 12 MHz 

Reverse transfer coefficient 15121 
VOG = 10V.10 = 10 mA 
f = 500 MHz 

Equivalent input noise voltage en Vos = 10V.10 = 10 mA 
f = 1 kHz 

Drain source ON resistance RION) 10 = 10 mAo VGS = OV 

Drain cutoff current 10IOFF) Vos = 10V. VGS = -10V 

100 MHz PG, NF Test Circuit 

5~n (<*_--j
2f'5""PF ....... --, 

L2 5pF 
l---@ OUT 

50n 

Vs VD 

L 1 0.45 </Imm polyurethane wire 
L2. L3 0.45 </Imm polyurethane wire 

- 217-

Typ. 

70 

3.0 

5 

3.0 

7.0 

4.0 

0.035 

3 

35 

0.1 

</13 mm 10.5 t 
</13 mm 5.5t 

2SK125 

Ta = 25°C 

Unit 

n 

pF 

kn 

pF 

dB 

dB 

nV/.jHz 

n 

nA 

I 
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Output Characteristics 

Drain current vs. Drain source voltage 

~ :::::1 
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.S 
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C 

I 
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VGs:OV [Lf' -O.5V 

1/ J 

I V -1.0V 

11/ V 

1 V V -1.5V 

Il V 
~ _21.0V 

j~ V 
r--

« s 
"l: 
~ 
:::I 
U 

.~ 
c 

.9 

Ii ~ ~ -2.5V 

~ - 3.0V o 
o 2 4 

VOS - Drain source voltage (V) 

Transfer Characteristics 

Drain current vs. Gate source voltage 

40 

« s 
"l: 

J 
V DS :lOV 1/ 

J 
V 

en 
S 

CD 
U c:: 

.~ 
E 
'C .. 

~ 
:::I 
U 
c:: 
'j!! 20 
C 

.9 

) 
V 

L 
j 

~ 
III c:: 
~ 
'E .. 
~ 
.f 

o 

V 
..... V 

I 

~ 

-4 -2 o 

VGS - Gate source voltage (V) 
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10 

5 

o 

20 

10 

0 

2SK125 

Drain current vs. Drain source voltage 

VGs--2.2V --r-

-'-
I 
I 

1/ 

~ 
L 

o 

r-

./ 
VI""' 

L ,-2.4V 

..... f--
L 

,-
-2.6V 

~ ~ 

/' 
..- -2.BV 

1 
V r- -3.0V 

~ f--- 3.2V 

10 

VOS - Drain source voltage (V) 

Forward transfer admittance 
vs. Gate source voltage 

I' 
VDs:1OV V 
f:lkHz 

V 
/ 

~ 

II 

J 
I 

1 
-4 -2 

VGS - Gate source voltage (VI 

-

20 
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I 
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I!! 
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15 

iIi 
;g 
c 
'iii 
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Cl 
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~ 
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o 

Feedback capacitance vs. Drain gate voltage 

f~lMHz 

r--:~ r-------.. D.1IL ~. 
r--------..... 

~ 

i' ....... 
I"-r-. .... r---. 

2 5 10 

VOG - Drain gate voltage IV) 

Common-gate power gain noise figure 
vs. Drain current 

f~100MHz 

VDG-IOV 

1--~ 
r-PC ___ 

~~ 

2 5 10 

10 - Drain current (mA) 
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NF 

-

20 

20 

2SK125 
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iIi 
;g 

e 
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I 
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Common Gate Y -Parameter 

--- Drain current characteristics (VOG = 10V. f = 100 MHz) 
- - - Drain gate voltage characteristics (10 = 1 OmA. f = 1 00 MHz) 

20 
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Input admittance 

1\ 
\ 

1'--. 1--- 1-. 

V ~ g.g 

./ 
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6 12 

10 • Drain current (mA) 
VOG - Drain gata voltage IV) 

Reverse transfer admittance 

II 
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\ 

-brg 
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10 - Drain current (mA) 
VOG - Drain gate voltage (V) 
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- 220-

Forward transfer admittance 

~ 

L 

.. 

"- - ~ -gr. 
"""..-: 

~ 

~ r---
L 

V' 

brg 

6 12 

10 - Drain current (mA) 
VOG - Drain gate voltage (V) 

Output admittance 

.... .... 
~ 

r- 1'--
bog 

\ , 
\ go. 

"-~ 

6 12 

10 - Drain current (mA) 
VOG - Drain gate voltage IV) 

2SK125 

~ 
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Common Gate Y -Parameter vs. Frequency (VOG = 10V, 10 = 10mA) 

Input admittance Forward transfer admittance 
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2SK125 

Common Gate S-Parameter vs. Frequency (VDG = 10V,ID = 10 rnA) 

90· 

±180· t----;-=----t--------t-'----~__i-'-__i--'-_t_=..;~ o· 

f~ IOOMHz 

-90· 

90· 

±180· 

-90· 
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Intermodulation distortion characteristics 
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-60 

II=lOOMHz 

I, = IOO.IMHz 

VOG=lOV 

VI=V,=lOOdB,u 

1\ 3rd 

5th: less than - 65dB 

-3 -2 -1 

VGS - Gate source voltage (V) 

Block Diagram for IMD Measurement 

SGI 
20dB Spectrum 
ATT Analyzer 

t---1 DOO I 
Zo = 50n 

0 

Vs Vo Ml,: Mixing PAD 

100 MHz IMD Test Circuit 

25pF 

~NO n l ~--::IF---1--' 
L2 IOpF 

I---@ 

vs 

L 1 : 0.45 d>mm polyurethane wire 3d> mm 10.5 t 
L2. L3 : 0.45 d>mm polyurethane wire 3d> mm 5,5 t 
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50n 

lil 
;g 
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Ta - Ambient temperature (OC) 
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Silicon N-Channel Junction FET 

Description 
The 2SK 1 52 is the first device to reach such 

a high "Figure of merit" level. Because it uses 
the latest Epitaxy and Pattern technology. 

Head amplifiers Video Cameras VTRs etc. per­
form very efficiently. 

Features 
• High figure· of merit 

Vos = 5V I Yfs I/Ciss 
10= 10mA 

• High I Yfs I 
Vos= 5V I Yfs I 
VGS=OV 

• Low input capacitance 
Ciss 

Structure 

3.5 (Typ.) 

30mS (Typ.) 

8pF (Typ.) 

Silicon N-Channel junction FET. 

Absolute Maximum Ratings (Ta = 25°C) 

Package Outline 

• Drain to gate voltage VOGO 1 5 V 
• Source to gate voltage VSGO 1 5 V 
• Drain current 10 50 mA 
• Gate current IG 5 mA 
• Junction temperature Tj 100 °C 
• Storage temperature T stg - 50 to + 120 ° C 
• Allowable power dissipation Po 300 mW 
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2SK152·1 

Unit: mm 

1:Drain 

2:Source 
3:Gate 

M-230 

50573B-TO 
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Electrical Characteristics 

Item Symbol Condition 

Drain to gate voltage VOGO IG= 10~A 

Source to gate voltage VSGO IG = 10~A 

Gate cutoff current IGSS VGS= -7V, VOs=OV 

Drain current loss VOS = 5V, VGS = OV 

Gate to source cutoff 
VGS(OFFI Vos = 5V, 10 = 1 OO~A voltage 

Forward transfer I Yls I Vos=5V, VGs=OV, f=1kHz admittance 

Input capacitance Ciss Vos= 5V, VGS=OV, f= 1MHz 

*Note) Drain current detail specification as follows. 

Classification 

Rank 

1 

2 

3 

4 

Mark 

10SS(mAI VOS=5V 
VGS=OV 

9.5 to 14.8 

13.4 to 21.0 

19.0 to 30.2 

27.4 to 42.0 

D c:=:===========1 
S c:=:===========1 
G c::===========1 

SK152 

Min. Typ. 

15 

15 

9.5 

-0.55 

21 30 

8 

loss Rank / \,--=LO::.:t:.;Nc:.O:::;.=--
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2SK152 

Max. Unit 

V 

V 

-2 nA 

42 mA* 

-2.0 V 

mS 

9 pF 

I 
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Standard Circuit Design Data 

Item Symbol Condition Typ. Unit 

Forward transfer admittance I Yfs I Vos=5V, lo=10mA, f=1kHz 25 mS 

Input capacitance Ciss Vos=5V, lo=10mA, f=1MHz 7.2 pF 

Gate cutoff current IG VOG=5V,lo=10mA 40 pA 

Input resistance ris 3.5 kO 

Input capacitance Cis 7.2 pF 
Vos=5V, lo=10mA, f=100MHz 

Output resistance ros 3 kO 

Output capacitance Cos 2.5 pF 

Power gain PG 15 dB 
Vos=5V, lo=10mA, f=100MHz 

Noise figure NF 1.8 dB 

Equivalent input noise voltage en Vos=5V,lo=10mA 1.2 nV/VHz 
f = 1 kHz, Rg = 00 

Reverse transfer capacitance Crss VoS=5V, VGs=OV, f=1MHz 2.0 pF 

100 MHz PG, NF Test Circuit 

IN 
50n (OI}---:lt"'---<r--, 

-25pF L2 

vo 

5pF OUT 
J---@ 50n 
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II r/>0.45mm Polyurethane Wirar/>3mm 10. 5t 

t~ J r/>0.45mm Polyurethane Wirer/>3mm 5.5t 
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Forward transfer admittance vs. Drain current 
iii 
.§. 

Ta 25"C t= 
.. 
" I: 

50 OJ 

.l:1 
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'C 
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~ I I iAV--
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~ II / I I 
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: 
10 

10 - Drain current (rnA) 

Gate cutoff current vs. Bias voltage 

VOG - Drain gate voltage (V) 
- VGSS - Gate to source voltage (V) 

30 

IG Test Circuit 
-10 

2SK152 

Gate to source cutoff voltage vs. 
Forward transfer admittance vs. Zerogate voltage drain current 
Zerogate voltage drain current 0 I I I 
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I 

5 

I 
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Input capacitance vs. 
Drain to source voltage 
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SON~ 2SK300 I 

Silicon N-Channel Junction FET 

Description Package Outline Unit: mm 
Making the best of Epitaxy and Pattern latest 

technology, 2SK300 accomplishes so far unattainable 
levels of performance. 

Usage with head amplifiers for video cameras and the 
like, ensures the highest efficiency. 

Features 
• High figure of merit 

Vos=5V IYfsl/Ciss 
10=10mA 

o High IYfsl 
Vos=5V IYfsl 
VGS=OV 

o Low input capacitance 
Ciss 

3.5 (Typ.) 

30mS (Typ.) 

8pF (Typ.) 

Absolute Maximum Ratings (Ta=25°C) 
o Drain to gate voltage VOGO 15 V 
o Source to gate voltage VSGO 15 V 
• Drain current 10 50 mA 

2.9 '0.2 

3 

:r +0.1 
0.4 -0.0 

~ 

Structure 

~~ 

~d 1.1 ±0.2 +, 
"l 
0 

d ~:;; 
~ 

I 0-0.1 
on .t, ~ N 

1 

tOj 
0.16 -o.os 

l:Drain 
2:Source 

M-257 3:Gate 

o Gate current IG 5 mA 
e Junction temperature Tj 150 °C 

Silicon N-Channel junction FET 

G Storage temperature Tstg -55 to + 150 "C 
"Allowable power disSipation Po 150 mW 

Electrical Characteristics (Ta=25°C) 

Item Symbol Condition Min. Typ. Max. Unit 

Drain to gate voltage VOGO IG=10 ~ 15 V 

Source to gate voltage VSGO IG=10 ~ 15 V 

Gate cutoff current IGSS VGs=-7V, Vos=OV -2 nA 

Drain current loss Vos=5V, VGs=OV 9.5 42 mA* 

Gate to source cutoff voltage VGS (OFF) Vos=5V, 10=1 00 ~ -D.55 -2.0 V 

Forward transfer admittance IYfsl Vos=5V, VGs=OV, f=1kHz 21 30 mS 

Input capacitance Ciss Vos=5V, VGs=OV, f=1MHz 8 9 pF 
* Dram current detail specification as follows. 

E9091 0 - ST 
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Classification r-Jos=5V, VGs=OV) Mark 

Rank loss (rnA) loss Rank 

1 9.5 to 14.8 

2 13.4 to 21.0 

3 19.0 to 30.2 

4 27.4 to 42.0 1. Drain 
2. Source 

3/4* 19.0t042.0 3. Gate 

* Rank 3 or 4 is indicated on loss rank of Rank 3/4. 

Standard Circuit Design Data (Ta=25"C ) 

Item Symbol Condition Typ. Unit 

Forward transfer admittance IYfsl Vos=5V, 10=1 OmA, f=1 kHz 25 mS 

Input capacitance Ciss Vos=5V, 10=1 OmA, f=1 MHz 7.2 pF 

Gate cutoff current IG Vos=5V,lo=10mA 40 pA 

Input resistance ris 3.5 kQ 

Input capacitance Cis 7.2 pF 

Output resistance 
Vos=5V, 10=10mA, f=100MHz 

3 kQ ros 

Output capacitance Cos 2.5 pF 

Power gain PG 15 dB 

Noise figure NF 
Vos=5V, 10=10mA, f=100MHz 

1.8 dB 

Equivalent input noise voltage en Vos=5V, 10=10mA, f=1kHz, Rg=OQ 1.2 nV/.JHz 

Reverse transfer capacitance Crss Vos=5V, VGs=OV, f=1 MHz 2.0 pF 

100MHz PG, NF TesfClrcult 

L2 
IN 

500 

-25pF 
5pF OUT 
I----@ 500 

L1 4> 0.45mm Polyurethane Wire 4> 3mm 10.5t 

t~ } 4> O.45mm Polyurethane Wire 4> 3mm' 5.5t 

Vs VD 
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Example of Representative Characteristics 
DraIn current vs. DraIn to source voltage 

<" 
.§. 
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1:' 
:§ 
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8. 
E 
m 
1:' 
~ 
::> 
u 
c 
'il! 
0 
I 
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ti 

20 

10 

0 

30 

10 

// Vos=OV --+--t- O.IV 

II ,../ --- Ta~ 25'C 
O.2V 

1/ f-----1/ f/ ---- -1l.W 

./' 
1--- -IlAV 

f--I-- -1l.5V 

'I f--I-- r-
-1l.6V 

f/_ f-- r--
-O.7V 

~-I-- -O.RV 

:..- -O.!JV 
-I.()V 

10 

Vos - Drain to source voltage (V) 

DraIn current vs. AmbIent temperature 

---v 

V 

r-

VGS=OV 
0.2V 
O.4V 

0.6V 

0.8V 

-1.0V 

0.1 
-25 o 25 50 75 100 

+06 

+0' 

+02 

-02 

Ta - Ambient temperature ("C) 

DraIn current temperature coeffIcIent 
vs. DraIn current 

'lla=~5'C I_ 
VDS =5V 

~ 1 
I I I 

r- o:I D = - x A In x 100 (%/'C) 
10 ' ll.T 
*lnliTa = 25'CC1.)ftli - -

I I I 

'" "" 
loz =8.5mA 

'-.. 
r-----... ---

10 15 20 

10 - Drain current (rnA) 
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DraIn current vs. Gate to source voltage 
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Vas - Gate to source voltage (V) 
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Transfer characteristics vs. AmbIent temperature 
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Vas - Gate to source voltage (V) 

Drain current temperature coefficient 
VB. Gate cutoff voltage 

r-- Ta= 25'C 

Vas =5V 
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\ 

1\ 
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'OnA 

'E lnA 

~ 
::0 
U 

'" ~ 
u 

~ 
" lOOp 

I 
£1 

lOp 

A 

A 

Forward transfer admittance vs. Drain current 

I 
I I 

Ta 25°C - r----
I ! I Vos-5V = r----

I I , 
I 

r----
I I I ! 

f=lkHz - l-I I 

I 
I' 

I 

loss --l-
Ii 20mA -- 30mA 

i 

IOmA ____ 
I ~ 

......... V 
II / 

V 

50 

30 

20 

'0 

v 

'0 30 

10 - Drain current (rnA) 

Gate cutoff vs. Supply voltage 

Ta 25°C := 10 IOm~t tt::-n 
101='1~ A 

10 IJ r-c. ! 
-

I II I 

i II 10 ss c-i-

I?'v 
~ i 

10 15 

VOG - Drain to gate voltage (V) 
- VGSS - Gate to source voltage (V) 

Forward transfer admittance vs. 
Zerogate voltage drain current Ta = 

201-i--r---~I---T---t-_i--~ 

'5'--~~10~----L--~'--~-~30~--74'0 

loss - Zerogate voltage drain current (rnA) 

la Test Circuit 

-10 

Gate cutoff voltage vs. 
Zerogate voltage drain current Ta = 250C 

-2.0 r--;---,-----,---,---,--,------, 

-< 
~ E -1.51--+--+-----t-----j---t--t-;;r!,'I/IIJI''"-i 
Ql"': 
010 

~~ 
g~ 

'" ~ 
~ 
(!l 

I 

~ 
~ 

-1.0 t--+--t-----\--;?IfIIfP'T----j---·--j----j 

Vos =5V 
r-+-+----t---i--·-t--VGs=OV 

-0.5 '---'---:::-___ -L.... __ -=-_~_::;I:--_-:. 
10 20 30 40 

loss - Zerogate voltage drain current (rnA) 
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10 

-I-

o.S 
10 

10 

r-.,. 
"'-

" 
5 

---Rg=l~kO 
o 
10 

2SK3oo 

Equivalent Input noise voltage vs. Frequency 

Ta 2S'C -

VDS SV == 
ID=lOmA _ 

6.f=IHz --- Rg=OO 

100 lK 10K lOOK 1M 

f - Frequency (Hz) 

Noise figure va. Frequency 

Ta=2S'C _ 

VDs=SV _ 

ID=lOmA 
6.f=IHz -

"-
Rg=IOOO --t--

Rg=lkO 

"tit I lK 100 lOOK 1M 10K 

f - Frequency (Hz) 

.m 
Equivalent Input noise voltage va. Drain current 

0 
c 
'5 
Q. Ta 2S'C· 

.5~ 3 
j~ 
"'-.~ ~ 5 
<T-
W., 

IS 
co ., > 

VDS SV 

f=lkHz 

............... 
---

6.f=IHz - r-
0.1 10 30 

10 - Drain current (rnA) 
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Input capacitance vs. Gate to source voltage 

'0 

T~=2~·C 
Vns=5V 

f=IMllz Ir" .e, 
2! 

....... 
-........ -i 

r--. r-
7 r--I--
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Co 
.E 

to 
.!!J 

6 (J 

5 
-0.5 - ,0 

Vas - Gate to source voltage (V) 

Input admittance vs. Frequency 
'00 

Ta-·25·C· 

r" Vos 5V 

In = lOrnA 
0 

Cis 

· \ 

· o 
.M .OM .OOM .G 

f - Frequency (Hz) 

Forward transfer admittance vs. Frequency 
'00 

Tn 25·C 

'Vos 5V 

gr. 10 lOrnA 

0 

-br. 1/ 
• 

o · 'M 'OM 'OOM .G 

f - Frequency (Hz) 
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Input capacitance vs. Drain to source voltage 

'0 

-

-

5 o 

1\ Tal=25t 

\ Vos =OV 

'" 
f=IMHz 

-....... r-
l-t- -- - - - - - -- --

-

'0 

Vos-Orain to source voltage (V) 

Transfer characteristics vs. Ambient temperature 

".-~ 
Tn 25·C 

Vns 5V 

10 lOrnA 

r., jIf--++H-lftH 

'OM 'OOM .G 

f - Frequency (Hz) 

Reverse transfer admittance vs. Frequency 
, 

i, i i Ta=25'C .0 
vos 5V 

10 lOrnA 
I 

-brs / I . g" 

• V 
• M 'OM .OOM .G 

f - Frequency (Hz) 
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Silicon N-Channel Junction FET 

Description 
Making the best of Epitaxy and Pattern latest 

technology,2SK613 accomplishes so far unattain· 
able levels of performance. 

Usage with head amplifiers for video cameras 
and the like, ensures the highest efficiency. 

Features 
• High figure of merit 

( VOS = 5V ) I Yls I /Ciss 4.5 
10 = 10mA 

• High forward transfer admittance 

( Vos = 5 V ) I Yls I 30 mS (Typ.) 
VGS = 0 V 

• Low input capacitance 
Ciss 6.6pF(Typ.) 

Structure 
o Silicon N·Channel junction FET 

Absolute Maximum Ratings(Ta=25'C) 
• Drain to gate voltage VOGO . 
• Source to gate voltage VSGO 
• Drain current 10 
• Gate current IG 
• Allowable power dissipation Po 
• Junction temperature Tj 
o Storage temperature Tstg -55 

15 
15 
50 
5 

150 
150 
to +150 
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Package Outline 

to.15 
OA-0.05 

V 
V 

rnA 
rnA 
rnW 

'C 
'C 

2.9 ±o.2 

3 

n2 
, 

i-bL 

I 

2SK613I 

Unit: rnrn 

"' ~~ 1.2±0.2 +, 
"l 
0 

rF ~2 o ~ 0.1 +, 
It) 

Lk "l 
N 

d tOol ... 0.16 -0.06 
It) 

~ 

1:Drain 
2:Source 

M-232 3:Gate 

I 

60199A·HP 
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Electrical Characteristics Unless otherwise specified (Ta = 2S"C) 

Item Symbol Condition Min. Typ. Max. Unit 

Drain to Gate Voltage VoGO IG = 10pA 15 V 

Source to Gate Voltage VSGO IG=10pA 15 V 

Drain to Source Voltage Vosx 10 = 10pA, VGS = ~3V 15 V 

Gate Cutoff Current IGSS VGS = -7 V, Vos = 0 V -2 nA 

Drain Current loss * VGS = 5V, VGS = OV 13.4 42.0 mA 

Gate to Source Cutoff Voltage VGS(OFF)* Vos = 5V, 10 = 100pA, -0.65 -2.0 V 

Forward Transfer Admittance I VfS I * Vos = 5V, VGS = OV, f = 1 kHz 23 30 mS 

Input Capacitance C'SS Vos = 5V, VGS = OV, f = 1 MHz 6.6 7.5 pF 

Equivalent Input Noise Voltage 
- Vos = 5V, 10 = 10 mA, Rg = 0 0, 4.0 7.0 nV/./Hz en f = 1 kHz 

( * Drain current detail specification as follows.) 

Classification 

I (A) (Vos = 5 V ) V (V) (Vos = 5 V ) [VOS = 5 V] 
055 m VGS = 0 V GS(OFF) ID = 100 pA I VfS I (mS) VGS = 0 V Mark 

f = 1 kHz 

2SK613-2 13.4 to 21.0 -0.65 to -1.26 23 2 

2SK613-3 19.0 to 30.2 -0.85 to -1.6 25 3 

2SK613-4 27.4 to 42.0 -1.05 to -2.0 29 4 
.-

Mark 

G 

u D 
2SK613 Specification No. IDSS Rank: 2, 3, 4 

s 
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Standard Circu it Design Data 

Item 

Forward Transfer Admittance 

Input Capacitance 

Gate Cutoff Current 

Input Resistance 

Input Capacitance 

Output Resistance 

Output Capacitance 

Power Gain 

Noise Figure 

Equivalent Input Noise Voltage 

Reverse Transfer 

100 MHz PG, NF Test Circuit 

IN 
500 

-25pF 

O.OOl~l 

v, 

Symbol 

I V's I Vos = 5V, 

Ciss Vos = 5V, 

IG VOG = 5 V, 

ns 

Cis 
Vos = 5V, 

ros 

Cos 

PG 
Vos = 5 V, 

NF 

-
en Vos = 5V, 

c",s Vos = 5V, 

5pF 
I---@ OUT 

500 

IO.OO1~ 

Vo 

- 239-
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Condition Typ. Unit 

10 = 10mA, f = 1 kHz 25 mS 

10 = 10mA, f = 1 MHz 5.5 pF 

10 = 10 mA 10 pA 

3.5 kCl 

5.5 pF 
10 = 10 mA, f = 100 MHz 

2.0 kCl 

1.5 pF 

14 dB 
10 = 10 mA, f = 100 MHz 

1.8 dB 

10 = 10 mA, f = 1 kHz, Rg = 00 4.0 nV/JHZ 

Vs = 0 V, f = 1 MHz 1.6 pF 

L1:r/>0.45mm Polyurethan wire r/>3mm 10.5 t 

I L2: r/>0.45mm Polyurethan wire r/>3mm 5.5 t 

L3: r/> 0.45 mm Polyurethan wire r/>3mm 5.5t 



Drain current vs. Gate to source voltage 

v" = OV -0 1 V -02V 
20 

-0.3V 

I / --tlc-
/ ....... -

V ~ - -
-0.4V /" .... !-" 

.--

0.5V 
1/ /' .-- ---f--

IV 
./ ~ ~ ~ 

,....-
...... 

-0.6V IV ./ ....... '""" ~ ~ 
I--- -0.7V V ....... ---f-- -

'//",.. ----..- - -O.SV 

-0.9V 

-1.0V 
~v -
~..-

10 

Vos-prain to source voltage (V) 

Drain current vs. Ambient temperature 

<" 10 
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:l 
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." 
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Ta-Ambient temperature ('C) 

I--

v" = 0 V 
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-0.4V 

-0.6V 
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-1.0V 

100 
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Drain current vs. Gate to source voltage 

T~=2J-C V I 
VIJ5 = 5V 

~t hlil :...-f/ ~ .:; E: 
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I 1/ 
II/ I 
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V GS-Gate to source voltage (V) 
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Drain current vs. Gate to source voltage 
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VGS-Gate to source voltage (V) 
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Forward' transfer admittance vs. 
Drain current 
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Input capacitance vs. Gate to source 
voltage 

T~ = 2~'C I 1_ 
I-+-I-+-j-+ v" = 5 V. 1 = 1 MHz 

2 8 1--+-+--+-+---+-+---+-+-1--1 
3-
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VGs·Gate to source voltage (V) 

Equivalent input noise voltage vs. 
Drain current 
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I--~ 111111 
10 

10 -Drain current (rnA) 
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Input capacitance vs. Drain to source 
voltage 
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Output admittance vs. Frequency 
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SON"Y: CXD7500M I 

Voltage Control Type Variable Resistor 

Description 
CXD7500M is a resistive gate type MOS FET 

featuring linear current vs voltage characteristics 
over a wide range of drain voltage low distortion and 
good linearity make this device suitable for use as a 
voltage controlled variable resistor. 

Features 
o Voltage controlled variable resistor 
o Good linearity, low distortion variable resistor. 
o As Vos·los characteristics are linear through a 

number of ±V, the dynamic range is wide. 
o Signals up to VHF band can be handled.. 

Structure 
Silicon P channel MOS FET 

Absolute Maximum Ratings (Ta=25'C) 

Package Outline Unit: mm 

1 

OA±O.1 

Spin SOP(Plastic) 
50±o.;! 

~ R R ~ 
"1. 

0 
.q 

~ ~ 4 

1.27 

'" uS 

1. NC 5. NC 
2. Drain 6. Gs 
3. Source 7. Go 
4. Sub 8. NC 

SOP-8P·L031 

o Drain to source voltage Vos -20(VGB=OV) V 
o Gate to substrate voltage VGB -25 V 
o Drain to substrate voltage VOB -25 V 
o Drain current 10 ±15 mA 
o Channel temperature Tch 80 'C 
o Storage temperature Tstg -55 to +150 'C 
o Allowable power dissipation Po 150 mW 

Equivalent Circuit and Pin Configuration (Top View) 

NC GD Gs NC 

NC o S Sub 

B0961-HP 
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Electrical Characteristics 

Item Symbol Condition Min. Typ. Max. 

Drain to source voltage Voss los=-10jlA -20 

Drain current los 
* VGS-VTHE=-10V -6 -10 
Vos=-2V, * VBs=10V 

Threshold voltage VTHO * VBS=OV, -0.4 -1.0 -2.5 
los=-ljlA, Vos=-lV, 

Effective threshold voltage VTHE * VBs=10V, -0.4 -1.2 -3.0 
los=-ljlA, Vos=-lV, 

* VGS-VTHE= -10V, 
Min. channel resistance Rcho * VBs=10V, 150 200 300 

Vos= -1 V, 

Low frequency distortion LTHo 
Vin=OdBm Vout=-6dBm 

0.6 
fin= 20Hz, * VBS= 10V, 

Standard distortion STHO 
Vin=OdBm Vout= -6dBm 0.4 
fin=lkHz, * VBs=10V, 

Gete resista nce R(Gs.Go) V(GS.GO)= -10V 50 1000 

Gete cutoff current IGSS 
* VGS= -5V, Vos=OV, -0.2 
VBS=OV, * VBS=OV 

* VBS: Substrate (Base) ·to Source Supply Voltage 
* Go, Gs Shorted and tested. 

Electrical Characteristics Test Circuit 
Distortion 
Channel Resistance 

tBM 22)( 

Fig. 1 

Parallel Equivalent Capacitance 
Parallel Equivalent Resistance 

1M 

Fig. 2 
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00 c. 
~ -c 
~ .., 
> 

o 'S 
C­
Ql 

]! 

E .., 
I Il. 

C. 
U 

Vos·Drain to source voltage (V) 

Distortion vs. Load resistance 
100 

/' 

1/ 
10 

fin 0= , kHz. Vin Odem 

V Vout = -6 dem, Ves = 10V 

I I I I I 
I 0, 
a I 10 100 

RL·Load resistance (kO) 
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• Example of characteristics at L attenuator circuit 

~ 
c: 
o 
t: 
.s 
(/) 

o 

Attenuation vs. Gate voltage 

'0 f-~E-:7"'F----+----H 

----"RI,. .. I.Zk 

ftn+ r:SH 
L, atten"uation L2 ' attenuation 

circuit ___ -; circuit 

.. 
Vss=10V 
Vin=OdBm 
fin=lkHz 
Threshold voltage 

L-I. __ -L ___ ...I-__ ---'L........J VTH= -1. OV 
-10 -" 

VG-Gate voltage (V) 

Distortion vs. Input signal frequency 

, 
-

I 

~--=. -

\ 

Co. .1,}' 0.01 .... " 

~ 

10 100 

20K 

t;P~v + vo '1.1 

I' 
~ 
II , 

~OOOI~F 

-J; 

:oJ 
I~.t' 

Vss=lOV 
Vin=OdBm 
fin=lkHz 
VouT=-6dBm 

fin-Input signal frequency (Hz) 

Distortion vs. Attenuation Distortion vs. Substrate impressed voltage 
'0 

r r-..v1n ;+20ClBm 

'1""0-
-, 2~K 

+IOClBm 
VI' 

-. YO , 
~,~ ~ t--

'\. 
'\ '\ \ 

" \~ 
0.1 

Attenuation (dB) 

V. 

Vss=lOV 
fin~lkHz 

~ 
c: 
o 
t: 
.s 
(/) 

o 

"'-
~, 

D.' 
10 

, 
..... 

100 

Vin=OdBm 
fin=lkHz 
VouT=-6dBm 

Vss-Substrate impressed voltage (V) 

• Circuit for Practical Use 
1) When used with source grounded 

As the gate resistor is extremely high at several hundred MO and the resistance values uneven, it is 
advisable to attach a 1 to 10 MO external resistor. Moreover, the value of the coupled capacitance Cis 
determined according to frequency band in use. As a guideline, use a cut off frequency less than 1/20 
the lower limit value of the frequency in use. 

o 

R :-r-;ol------O VII 

VO~I R: 1-10Mn External Resistance 

e: External Capacitance 
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2) For source to drain floating usage 
Should the frequency of the control voltage be comparatively high and the transient distortion grow 
problematically worse, source to drain is used floating. 

o 

c 

R 

Go 

1-----oV8S 
v. 

R Gs 

s 

3) Attenuation of the spacecharge effect 
To attenuate non·linearity caused by the effects of Sub spacecharge effect, feedback 1/2 the drain to 
source voltage. This should improve the distortion ratio. 

al 

Va 

o Ct 
t 
I 

RI I 

Rt 

~--I~ 
I 
I 
I 
I 

t 4 
jWCI Rt 

4) Attenuator circuit examples 

a) Inopu_t--,RMLfo-__ ~ ___ 0-ouIPu, 

(VaSI 

c) Input 

c 

RI 

t 
R2> Rt>j.Ct 

I 
I 
I 
I 

~~ 
RI 

Va 

IVISI 

bl Inpu' 0--_..., 

s 

COC 
R R 

(V.I 

(VOSI 
r----..---O 

Ou'pu. 
r-~-1-~4r---~ 

L-----.-.1f----.o (Vul 
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4) GaAs FETs 

Type Package Applications Features 
Drain to source 

Page 
Voltage (V) 

Low 

SGM2004M 4P Mini mold UHF RF, amplifier 
crossmodulation 

5 253 
Built·in gate 
protection diode. 

SGM2006M UHF, RF, amplipier, mixer, 
Low noise, Built·in 

SGM2006P 
4P Mini mold 

oscillator 
gate protection 5 257 
diode. 

SGM5102F 4P Ceramic Microwave amplifier 
Low noise 

5 261 
NF: 2.ldB max 

3SK165 4P Mini mold 
UHF, RF amplifier, mixer, Low noise, low 

5 265 
oscillator input capacity 

3SK166 4P Mini mold UHF, RF, amplifier, oscillator 
Low noise, high 

5 269 gm 40ms (Typ) 

2SK676H5 Chip 
Microwave low noise amplifier. 

Low noise 2 273 
For high speed logic 

2SK677H5 Chip 
Microwave low noise amplifier. 

Low noise 2 280 
For high speed logic 

SGH5002F 4P Ceramic 
Microwave low noise amplifier, Low noise 

2 287 DBS, FSS NF: l.3-l.7dB max 

SGH5003F 4P Ceramic 
Microwave low noise amplifier, Low noise 

2 291 
DBS, FSS NF: l.3-l.7dB max 

SGH5612F 4P Ceramic 
Microwave low noise amplifier, Low noise 

2 295 DBS, FSS NF : l.0-l.2dB max 

- 252-



SONY; SGM2004M 
GaAs N-channel Dual Gate MES FET 

Description Package Outline 
SGM2004M is an N-channel dual gate GaAs 

MES FET for UHF band low-noise amplification. 
This FET is suitable for a wide range of 
applications including TV tuners, cellular radios 
and. DBS IF amplifiers. 

Features 
• Low voltage operation 
• Low noise: NF = 1.6 dB (Typ.) at 800 MHz 
• High gain: Ga = 18 dB (Typ.) at 800 MHz 
• Low cross-modulation 
• High stability 
• Built-in gate-protection diode 
• Standard SOT-143 package 

Application 
UHF band amplifier, mixer and oscillator 

Structure 

~ 
(0.95 ) 

3 b 

4 ~ .01 
0.4 -0:0. J 
(0.95 ) 

~ 

(0.95 ) 

~ 
2 

~? 1~ 
~ ~ 

'0.1 
0.6-0.0' 

(0.B5 ) 

GaAs N-channel dual gate metal semiconductor field effect transistor 

Absolute Maximum Ratings (Ta = 25°C) 
• Drain to source voltage VDSX 12 V 

• Gate 1 to source voltage VG1S .-5 V 
• Gate 2 to source voltage VG2S -5 V 
• Drain current 10 55 mA 
• Allowable power dissipation Po 150 mW 
• Channel temperature Tch 150 "C 
• Storage temperature Tstg - 55 to + 150 "C 

Mark 

E 

- 253-

Unit: mm 

l:Source 
2:Gate 1 
3:Gate 2 
4:Drain 

M·254 

EBSZ09-ST 
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Electrical Characteristics (Ta = 25 "C) 

Item Symbol 

Drain to source voltage Vosx 

Gate 1 cutoff current IG1SS 

Gate 2 cutoff current IG2SS 

Gate 2 to drain cutoff current IG200 

Drain saturation current loss 

Gate 1 cutoff voltage VG1S (OFF) 

Gate 2 cutoff voltage VG2S (OFF) 

Forward transfer admittance gm 

Input capacitance Ciss 

Reverse transfer capacitance Crss 

Noise figure NF 

Associated gain Ga 

Typical Characteristics (Ta "" 25 "C) 

10 vs. Vos 
20r--------,--------~--------, 

E 
~ 
:::J 
CJ 

c: 
.~ 

o 
I 

E 

(Va2S = 1.5V) 

2 4 6 

. VOS - Drain to source voltage (V) 

VGIS 
-ov 

-OAV 

-0.6V 

-O.BV 

-I.OV 

- 1.2V 

-IAV 

SGM2004M 

Condition Min. Typ. Max. Unit 

10 = 20 IlA 
VG1S = OV 11 V 
VG2S= - 4.0V 
VG1S = - 4.5V 
VG2S= OV -:-S IlA 
VOS= OV 
VG2S= - 4.5V 
VG1S = OV -S IlA 
VOS= OV 

VG20= - 12V -10 IlA 

VOS= 5V 
VG1S = OV S 2S mA 
VG2S= OV 
Vos = 5V 
10 = 100llA - 2.5 V 
VG2S = OV 
Vos = 5V 
10 = 100 IlA - 2.5 V 
VG1S= OV 

Vos= 5V 
10=SmA 11 15 mS VG2S = 1.5V 
f = 1 KHz 

VOS = 5V 0.9 2 pF 
10= SmA 
VG2S = 1.5V 

25 40 fF f= 1MHz 

Vos = 5V 1.6 2.5 dB 
10 = SmA 
VG2S = 1.5V 

15 1S dB f = SOOMHz 

10 VS. VG1S VG2S 
=1.5V 

25 
(VDS = 5V) VG2S 

-1.5V 

< 20 
0.5V 

5 
~ 

c: 15 
~ 
:; 
CJ 

c: 
.~ 10 
0 
I 

E 
5 -LOV 

0 
-2.0 -1.5 -1.0 -0.5 0 

Va1S - Gate to source voltage (V) 
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< .s 
~ 

c: 
~ 
:; 
u 
c: 
'i! 
0 
I 

.9 

00 
;<:. 

" :; 
OJ 
:;= 

" '" '0 
Z 
I 

IJ.. 
Z 

00 
;<:. 
~ 
::l 
OJ 
:;= 

" UJ 
'0 
z 
I 

IJ.. 
Z 

10 VS. VG2S 
25.-----,------,------,-----~ 

(VOS = 5V) 

20 

VGIS 

15 ~-----+------+_------r_--~OV 

10' 

- OAV 

1----t----+---,>"9::;"I"""-=""'9 -0.6V 

-O.BV 

5 ~----t-----,zt~-"--t==-I - 1.0V 

~~::::;=---r--' -1.2V 
O~ __ ~~ ____ -J ______ ~ ____ ~ 

-2.0 o 
VG2S - Gate 2 to source voltage (V) 

NF VS. VGlS 
4 I VGZS 

3 

2 

/ 
=0.5V 

~ L I,OV 

" ~ ~5V 

(Vos = 5V, f = BOOM Hz) 
_I o 

-1.6 -1,2 -O,B -0.4 o 0.4 

3.0 

2,5 

UJ 

1.5 

1.0 

0.5 
o 

VOl s - Gate 1 to source voltage (V) 

NF, Ga vs.lo 

\ V ~ 
f' i'-r-!:!F 

(Vos = 5V, VG2S = 1.5V, f = BOOMHz) 
J_ I I I I 
2 4 6 B 10 

10 - Drain current (rnA) 

25 

20 

15 

10 

5 

0 

00 
;<:. 
c: 
'iii 
OJ 

"C 
l!! 
'" '0 
0 
UJ 
UJ 

< 
I 

'" (!) 
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SGM2004M 

gm VS. VGlS 

25 
(Vos = 5V, f = 1 KHz) 

20 

1 5 

10 

5 

0.5V 
0 
-2 2 

VOlS - Gate to source voltage (V) 

Ga VS. VG1S 
25 

VG~S 
= ,5V 

20 

15 

10 

~~ 
-......... ~ 

f \ 
I.OV_ 

0.5V 

5 

(Vos = 5V, f = BOOMHz) 
o ~ ~ 
-1.6 -1.2 -O.B -0.4 o 

VOl s - Gate 1 to source voltage (V) 

NF, Ga VS. f 
3.0 

2.5 

2.0 

1,5 

- ~ bL 
k( 

V 

~ 

.,..".... r--

1.0 

(Vos = 5V, V02S = 1.5V, 10 = BmA) 
0.5 I I I I I 

400 600 BOO 1000 1200 

f - Frequency (MHz) 

0.4 

25 

20 00 
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I 

c: 
'iii 

5 OJ 
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'" '8 o UJ 
UJ 
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Noise Figure Characteristics (VDS = 5V, VG2S = 1.5V, ID = 8 mA) 

at 800 MHz 

f Ga NFmin NF50 Rn r (5) r (L) 

(MHz) (dB) (dB) (dB) (Q) MAG ANG MAG ANG 
600 19.3 1.45 3.61 53.4 .830 17.3· .862 1.3· 

800 18.5 1.56 3.69 55.8 .793· 22.2· .895 5.8· 
1000 16.4 1.77 3.73 60.3 .714 26.0· .832 5.2· 

S-parameters VS. Frequency Characteristics (VDS = 5V, VG25 = 1.5V, ID = 8 mA) 

f--+-+--+-3--+-t33:-71.laO.1GHI 

... 

f 511 521 512 522 

(MHz) MAG ANG MAG ANG MAG ANG MAG ANG 

100 1.00 -3.2· 1.50 175· .001 78.2· .978 - 1.4· 
200 .999 - 6.3· 1.49 171· .003 89.2·. .979 - 2.3· 
300 .992 - 9.7· 1.49 166· .004 92.7· .975 - 3.3· 
400 .981 - 12.7· 1.48 162· .004 80.4 • .970 - 4.4· 
500 .974 - 15.8· 1.47 157· .006 82.4 • .968 - 5.3· 
600 .967 -18.8· 1.47 153· .006 60.0· .966 - 6.0· 
700 .950 - 22.1· 1.47 149· .008 78.r .968 -7.2· 
800 .939 - 25.3· 1.46 144· .009 76.4 • .965 -8.2· 
900 .926 - 28.5· 1.46 140· .010 78.1· .966 - 9.4· 
1000 .911 - 31.5· 1.46 135· .010 70.9· .965 -10.2· 
1100 .894 - 34.3· 1.46 131· .011 74.7· .976 -11.1· 
1200 .863 - 37.3· 1.45 126· .011 60.9· .953 -12.7· 
1300 .843 - 40.6· 1.44 122· .012 74.5· .956 -13.r 
1400 .818 -43.r 1.43 117· .013 77.1· .952 -14.6· 
1500 .792 -47.1· 1.41 113· .014 70.7· .950 -15.7· 
1600 .769 - 50.3· 1.40 108· .014 70.1· .944 -16.4· 
1700 .746 - 53.4· 1.39 104· .014 76.3· .946 - 17.2· 
1800 .725 - 56.5· 1.39. 100· .014 79.2· .947 - 18.2· 
1900 .696 - 59.2· 1.38 95.8· .015 76.2· .949 -19.4· 
2000 .665 -61.8· 1.37 91.2· .015 74.6· .948 - 20.4· 
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GaAs N-channel Dual Gate MES FET 

Description 
SGM2006M/P is an N-channel dual gate 

GaAs MES FET for UHF band low- noise 
amplification. This FET is suitable for a wide 
range of applications including TV tuners, 
cellular radios and DBS IF amplifiers. 

Features 
• Low voltage operation 
• Low noise: NF = 1.2 dB (Typ.) at 800 MHz 
• High gain: Ga = 22 dB (Typ.) at 800 MHz 
• High stability 
• Built-in gate-protection diode 
• Standard SOT-143 package 

Application 
UHF band amplifier, mixer and oscillator 

Structure 
GaAs N-channel dual gate metal semiconductor 

field effect transistor 

Absolute Maximum Ratings (Ta = 25°C) 
• Drain to source voltage 

Vosx 
• Gate to source voltage 

VG1S 

• Gate 2 to source voltage 
VG2S 

• Drain current 10 
• Allowable power dissipation 

Po 
• Channel temperature 

12 

-5 

-5 
55 

150 

V 

V 

V 
mA 

mW 

Tch 150°C 
• Storage temperature 

Tstg - 55 to + 150°C 

Mark 

F- G-
SGM2006M SGM2006P 
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Package Outline 

SGM2006M 
2.9%0.2 

......bL 
(0.95) (0.95) 

",I 
d 

31 [~ ~ .2 

! I ~d ~ ., 
<Xl III N 

4 ; 

0.4 ~g:65 J +~1 
0.6·0,05 

(0.95 ) ( 0.B5 ) 

-1L 

SGM2006P 
2 9'~2 

~ 
( 0.95) ( 0.95) 

Illi o· 

41 [Q lll3 I 
"'~!~ 

i ';~!; 

0.6!&A:m 

[02 
..... f N 

I +01 0.4 -0;05 

( 0.B5 ) (0.95 ) 

0L 

Unit: mm 

o to 0.1 

1: Source 
2:Gate 1 
3:Gate 2 
4:Drain 

M·254 

0'00.1 

1:Source 
2:0rain 
3:Gate 2 
4:Gate 1 

M·255 

EBBZ10-ST 

I 
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Electrical Characteristics (Ta = 25 "C) 

Item Symbol Condition Min. Typ. Max. Unit 

10=201lA 
Drain to source voltage Vosx VG1S=OV 11 V 

VG2S= - 4.0V 
VGls=-4.5V 

Gate 1 cutoff current IG155 VG2S= OV -8 IIA 
VOS= OV 
VG2S = - 4.5V 

Gate 2 cutoff current IG255 VG1S = OV -8 IIA 
VOS= OV 

Gate 2 to drain cutoff current IG200 VG20 = - 12V -10 IIA 

VOS = 5V 
Drain saturation current loss VG1S = OV 10 35 rnA 

VG2S= OV 
Vos = 5V 

Gate 1 cutoff voltage VG1S (OFF) 10= 100 IIA - 2.5 V 
VG2S = OV 
VOS = 5V 

Gate 2 cutoff voltage VG2S (OFF) 10 = 100 IIA - 2.5 V 
VG1S= OV 

Vos = 5V 

Forward transfer admittance gm 10= lOrnA 
20 26 mS VG2S = 1.5V 

f = 1KHz 

Input capacitance Ciss Vos= 5V 1.1 3 pF 
10= lOrnA 

Reverse transfer capacitance Crss 
VG2S = 1.5V 

28 40 fF f= lMHz 

Noise figure NF Vos = 5V 1.2 2.0 dB 
10= lOrnA 

Associated gain Ga 
VG2S = 1.5V 

18 22 dB f = 800M Hz 

Typical Characteristics (Ta = 25 "C) 

10 vs. Vos 10 vs. VG1S 

20 25 

< 15 -5 
~ 

t: 

~ 
" u 10 
t: 
.~ 

0 

(VG2S = 1.5V) 

/ 
V 
V 

VGIS 
(VOS= 5V) 

=ov 
~ 20 
« 

-O.4V -5 
C 15 
!'! 

-O.6V :; 
u 
t: 10 of 
0 

I -O.SV I 
.9 5 

0 
0 

V 
V 

2 4 6 

.9 
5 

-O.9V 
-I.OV 

q,2.0 -1.5 

VOS - Drain to source voltage (V) VGlS - Gate to source voltage (V) 
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10 VS. VG2S 
25r-----~------,_------._--__, 

(Vas = 5V) 

20 I------j-------+-------+------I VG'S 

=OV 

~ 15 I------j-------i--------+---,t.......j _ 0.4V 

:; 
u 

.~ 1 0 I------jf-------+-------l>~_=-l - O.S v 
C 
I 

.fl -O.BV 
51------+------~~~~~~--~ 

I -:-___ J-:-...".!!l!!!!~;;;;;;;t;;;;J -LOV O~ -L2V 
-2.0 -1.5 -1.0 -0.5 0 

VG2S - Gate 2 to source voltage (V) 

NF VS. VGIS 
4 

(Vas = 5V, f = 800MHz) V~2S 

@ 3 
~ 

i!! 
:J 

$ 2 
CD 

'" '0 
Z 

I =0.5V 

/ I. , •OV 

I" ./ ~.5V 
I 

u. 
Z 

o 
-1.6 -1.2 -0.8 -0.4 0 0.4 

VOl s - Gate 1 to source voltage (V) 

NF, Ga vs.lo 
3.0 

(Vas = 5V, VG2S = 1.5V, f = 800M Hz) 

2.5 
@ 
~ 

CD 
:; 2.0 
CD 

;;::: 

" '" ~ 1.5 
I 

u. 
Z 

1.0 

0.5 
o 

/ 

\ 

V !-Ga 

............... t-!!f 

2 4 6 8 10 
10 - Drain current (rnA) 

25 

20 

15 

10 

5 

0 

@ 
~ 
c: 

'10 
CD 

'C 
J!l .. 
'u 
0 

'" '" <C 
I .. 

(!) 

SGM200SM/P 

gm VS. VGIS 
~ 40r-----T-----r----~--~ 

'" (VOS = 5V. f = 1 KHz) ,§ 

8 
c: 
~ 30~-----+--~~~r_----+_----~ 

'E 
'C .. 

'C 

~ (; 10 
u. 
I 
E 

VG2S 
= t.5V 

1.0V 
CD OL--L~~=-~~~~ ____ ~ 

-2 -1 2 
VOl S - Gate 1 to source voltage (V) 

25 

@ 20 
~ 
c: 

'10 
CD 15 

'C 
J!l 
.!!! 

g 10 

'" <C 
I 

~ 5 

o 

Ga vs. VGts 

(Vos = 5V, f = 800M Hz) 

-= VG2S 

/ 
, "\ =15V-

1\ I.OV 

/ \ 0.5V 

-1.6 -1.2 -0.8 -0.4 0 0.4 

3.0 

@ 
2.5 

~ 

i!! 
::l 2.0 
$ 

" .!!l 
0 z 1.5 
I 

u. z 
1.0 

0.5 
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VOl s - Gate 1 to source voltage (V) 

NF, Ga vs. f 

(Vos = 5V, VG2S = 1.5V, ID = 10rnA) 

Ga 
r-... 

[> 
V 

t---~ 

400 600 800 1000 1200 
f - Frequency (MHz) 

30 

25 @ 
~ 
c: 

20 'iY, 

1 5 

1 o 

5 

'C 
CD 

.i g 
'" ~ 
I .. 

(!) 
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Noise Figure Characteristics (Vos = 5V, VG2S = 1.5V, 10 = lOrnA) 

at 800 MHz 

f Ga NFmin NF50 Rn r (5) r (L) 

(MHz) :(dB) (dB) (dB) (Q) MAG ANG MAG ANG 
600 21.2 1.23 2.59 29.1 .823 18.9° .824 3.1° 
800 20.8 1.26 2.59 29.2 .804 20.4° .896 5.8° 
1000 19.5 1.57 2.78 37.7 .750 24.2° .865 3.9° 

S-parameters vs. Frequency Characteristics (Vos = 5V, VG2S = 1.5V, 10 = lOrnA) 

f 511 521 512 522 
(MHz) MAG ANG MAG ANG MAG ANG MAG ANG 

100 1.00 - 4.0° 2.63 174° .001 50.9° .976 - 1.6° 
200 .996 - 8.0° 2.62 168° .002 84.7° .975 - 2.8° 
300 .985 - 12.3° 2.61 163° .004 85.8° .971 - 4.0° 
400 .968 - 16.0° 2.57 157" .004 77.0° .968 - 5.2° 
500 .953 - 19.9° 2.55 152° .006 80.2° .965 - 6.4° 
600 .933 - 24.1° 2.53 146° .006 84.4° .966 -7.8° 
700 .916 - 27.6° 2.51 141° .007 75.3° .964 -8.7" 
800 .895 - 31.5° 2.49 135° .008 77.9° .963 - 9.9° 
900 .872 - 35.1° 2.47 130° .009 77.1° .962 - 11.3° 
1000 .844 - 38.8° 2.45 125° .009 79.8° .961 -12.3° 
1100 .819 - 42.1° 2.42 119° .010 72.3° .959 - 13.6° 
1200 .778 - 44.8° 2.36 114° .010 75.4° .955 - 15.0° 
1300 .747 - 48.9° 2.33 108° .010 76.0° .953 - 16.5° 
1400 .713 - 52.4° 2.29 103° .011 80.0° .950 -17.7" 
1500 .679 - 55.7" 2.24 97.1° .011 74.2° .945 - 19.1° 
1600 .646 - 58.6° 2.18 92.1° .011 70.0° .939 -19.7" 
1700 .616 - 61.5° 2.14 87.4° .012 76.5° .946 - 20.9° 
1800 .589 - 63.8° 2.12 82.0° .012 83.6° .949 - 22.1° 
1900 .552 - 65.7" 2.09 76.8° .012 81.7° .953 - 23.7° 
2000 .517 - 66.8· 2.06 71.3° .013 83.4° .956 - 25.4° 
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GaAs N-channel Microwave MES FET 

Description Package Outline 
The SGM5I02F is an N·channel GaAs MES FET 

designed for low noise amplifiers from C to Ku bands. 
SGM5102F·T6 is for taping. 
MES: Metal Semiconductor 

Structure 
GaAs N·channel MES field effect transistor 

Absolute Maximum Ratings (Ta=25'C) 
o Drain to gate voltage VOGO 5 
• Gate to source voltage V GSO - 3.5 
• Drain current 10 70 
• Allowable power dissipation 

Po 340 
• Channel temperature TCh 150 

V 
V 

mA 

0.63 

O.15!8~Ji 

• Storage temperature Tstg -55 to +150 

mW 
'C 
'C 

Electrical Characteristics 

Item Symbol Conditions 

Gate to source cutoff current IGSS Vos=OV, VGs= -3V 

Drain current loss Vos=2V, VGs=OV 

Gate to source cutoff voltage VGS(OFF) Vos=2V,lo=100JlA 

Transconductance gm Vos=2V,lo=10mA 

Noise Figure NF 
Vos=2V,lo=10mA 
f=12GHz 

NF associated gain Ga 
Vos=2V,lo=10mA 
f=12GHz 
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(0.2 ) 

OA 

I-
I-
l-
l-

1.38 :1:0,2 

Min. 

10 

-0.2 

15 

8.0 

Unit: mm 

~~ 1S±o.s 

0178:1:0,2 
~. 

'" 

iL-
III' 

~J- • 
I-- -'--, ~ 

M-253 

Typ. 

30 

-1.5 

25 

1.8 

8.5 

II, ~: 
0 
~ ~. 

o.s:l:Q.1 '" 

1 : Ga t e 
2:Source 
3:Drain 
4:Source 

Ta=25'C 

Max. Unit 

-10 JlA 

70 mA 

-3.0 V 

2.1 

.mS 

dB 

dB 

4 

1 Gate 
2 Source 
3 Orain 
4 Source 

E90248AOX-HP 

I 
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Representative Characteristics 

c: 
o 
~ c. 
'iii 
III 

'0 
.... 
Q) 

~ 
o c. 
Q) 

:0 
co 
~ 
.2 
;;;: 

Allowable power dissipation vs. 
Ambient temperature 

-I\. 

\ 
1,\ 

I\. 
'\ 

\ 
Q 0 

Q.. 0 100 

Ta . Ambient temperature ee) 

S Parameter Frequency Characteristics 

Frequency 5" 
(GHz) MAG ANG MAG 

1 1.00 -16.4 2.17 
2 .98 -32.4 2.15 
3 .96 -48.6 2.13 
4 .94 -65.0 2.08 
5 .90 -81.2 2.01 
6 .87 -96.6 1.93 
7 .84 -111.2 1.86 
8 .83 -125.0 1.79 
9 .81 -138.5 1.73 

10 .79 -152.0 1.66 
11 .77 -164.5 1.57 
12 .75 -176.3 1.50 
13 .74 172.4 1.45 
14 .74 160.3 1.43 
15 .72 148.2 1.40 
16 .70 135.4 1.35 
17 .68 123.2 1.32 
18 .67 110.8 1.31 

521 

ANG 

163.8 
148.3 
132.7 
117.0 
101.6 

86.8 
73.0 
59.4 
45.9 
32.4 
20.0 

8.1 
-3.1 

-15.3 
-27.5 
-39.5 
-51.1 
-62.9 
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SGM5102F 

Drain current vs. 
Gate to source voltage 

~ 50 « 
5 

c: / 
L 

---
VGS ' Gate to source voltage (V) 

~ 50 « 
5 
..... 
c: 

~ 
::l 
U 25 

c: 
.~ 

o /-' 

Drain current vs. 
Drain to source voltage 

lies ov 

/" 
-0.211 -- 0.411 

- 0.61/ 

/bf- 0.811 -- I 
1.4V 

-1.2V_ 

~ - 1.6V 
:> -1.8V 

VOS' Drain to source voltage (V) 

Vos=2V. lo=10mA 

512 522 

MAG ANG MAG ANG 

.02 77.3 .72 -11.5 

.03 67.6 .72 -22.6 

.05 54.7 .71 -34.2 

.06 42.5 .69 -45.9 

.07 32.5 .67 -57.7 

.08 22.3 .65 -69.6 

.08 13.4 .63 -81.5 

.08 5.4 .62 -93.3 

.08 -2.9 .62 -104.6 

.08 -8.3 .62 -115.8 

.07 -14.1 .62 -127.0 

.07 -18.4 .62 -137.8 

.07 -19.7 .62 -148.2 

.07 -22.6 .63 -158.2 

.07 -24.1 .65 -168.5 

.07 -29.0 .65 -179.4 

.08 -32.0 .66 170.4 

.08 -38.0 .68 160.6 



SONY SGM5102F 

51l 521 

!IO' 

1----t----'-=r=+-+--J+'"---t------1--jO· 

-00" 

512 522 

00" 

f---/--+--+--+-+---f":'----I---iO· I 
-90' 
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Minimum noise figure, gain vs. 
Drain current 

Ga 

~ 
~ 

/' 
V f=12GHz 

I VDs =2V 

I 

\ 
NF ......-

12 16 20 24 

ID • Drain current (mA) 

12 

10 

iii' 
S 

iii' c: 
'iii S 
tID 

t!! "0 
Q) :::J - tID 
.!!! ;;::: 
0 Q) 
0 '" '" '0 '" til Z 

LL U. Z 
Z 

til 
(!) 

o 
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Minimum noise figure, gain vs. 
Drain voltage 

Ga 

f=12GHz 
ID =10mA 

NF 

I.S 2.5 

VDS ' Drain voltage (V) 

SGM5102F 

12 

10 

iii' 
S 
.= 
til 
tID 
"0 
Q) -til '0 
0 

'" '" til 

LL 
Z 

til 
(!) 



SONY; 3SK16S1 
GaAs N-Channel Dual-Gate MES FET 

Description 
The 3SK165 is a GaAs N-channel Dual-Gate MES 

FET for low noise UHF amplifiers and mixers. Low noise 
and high gain characteristics· are accomplished by 
optimum mask pattern design. Easier high frequency 
circuits adjustments are made possible by the miniaturized 
plastic. molded package which contributes to reduce 
parasitic elements of the device. 

Features 
• Low NF 
• High PG 

NF·~ 1.2 dB (Typ.) at 800MHz 
PG = 20 dB (Typ.) at 800MHz 

• High stability 

Applications 
• UHF Amplifier, mixer, oscillator 

Absolute Maximum Ratings (Ta = 25°C) 
• Drain to source voltage 
• Gate 1 to source voltage 
• Gate 2 to source voltage 
• Drain current 
• Channel temperature 
• Storage temperature 
• Allowable power dissipation 

Electrical Characteristics 
Item 

Drain to source voltage 

Gate 1 cutoff current 

Gate 2 cutoff current 

Drain saturation current" 

Gate 1 cutoff voltage 

Gate 2 cutoff voltage 

Forward transfer admittance 

Input capaCitance 

Reverse transfer capacitance 

Power gain 

Noise figure 

* Classification 
Rank loss Unit 

3SK165·Q 20-55 mA 
3SK165·1 20-35 mA 
3SK165·' 30-55 mA 

VOSX 

VGIS 

VG2S 

10 
Tch 
Tstg 
Po 

Symbol 

Vosx 

IGISS 

IG2SS 

IDSS· 

VG1S (OFF) 

VG2S (OFF) 

gm 

Ciss 

Crss 

PG 

NF 

8 V 
-6 V 
-6 V 
·80 mA 
150°C 

- 55 to + 150 °C 
150 mW 

Condition 
10 200pA 
VG1S~OV 
VG2S= -5V 
VG1S~ -4V 
VG2S=OV 
VOS =OV 
VG2S= -4V 
VG1S=OV 
VOS =OV 
VOS =5V 
VG1S=OV 
VG2S=OV 
Vos =5V 
10 = 100pA 
VG2S=OV 
Vos =5V 
10 = lOOpA 
VG1S=OV 
Vos =5V 
10 =IOmA 
VG2S= 1.5V 
I =IKHz 
Vos =5V 
10 =IOmA 
VG2S=I.5V 
I =IMHz 
VOS =5V 
10 =IOmA 
VG2S= 1.5V 
I -800MHz 
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Package Outline Unit: mm 

2.9'0.' 

~ 
(0.95 ) (0.95 ) 

1.1!&¥ 

'" d 

3 a 2 rr :;!a :;! 0- 0.1 , +, ~ 

~ ~ ~ 4 rn 
0.4 !&A. 1110.6!~A. 0.10 !&A, 

(0.95 J I (0.85 ) 

--1&-
l:Source 
2:Gate 1 
3:Gate 2 

M-254 4:Drain 

Min. Typ. Max. Unit 

8 V 

-20 pA 

-20 pA 

20 55 mA 

-I -4 V 

-I -4 V 

IS 22 mS 

0.5 1.0 pF 

7.5 25 IF 

16 20 d8 

1.2 2.5 d8 

EB9332-ST 

I 
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NF. Ga frequency dependence 
(Vos=5.0V. VG2s=1.5V. 10=10mA) 

6.0 

5.0 

m :g. 4.0 

E 
,g. 3. 

~ 
'0 
Z 2. 

U. 
Z 

0 

0 

1. 0 

0 

30 

25 

~ 

N" 
~ , 

20 

15 

10 

./ -..... NF ,....... 
400 880 2000 

f· frequency (MHz) 

m 
:g. 
c: 
'iii 

'" 'tl 
l!! .. 
.~ 

« 
ta 

Cl 

Application Circuit (Front-end amplifier) 

... In 
oon. 

880MHz 

Output 'characteristics 
(Ta=25°C. VG2s=1.5V. VGl s=-O.5V/step) 

'00 

I 
Vi ~ov I . G1S _ 

I 

il -O.5V 

r,L. l 
1.0V 

« .s ... c: 
E 
:; 50 u 
c: 

-1~5V 
'i! 
c 

9 ~ -2~OV 
~ 2.5V 

o 0 5 W 
VDS· Drain to source voltage (V) 

3SK165 

N F-ID characteristics 
(Vos=i5.0V. VG2s=1.5V. Frequency at 450MHz)' 
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SONY® 3SK165 

S- Parameters vs. Frequency characteristics 
(Vos=5.0V. VG2s=1.5V. 10=10mA) 

o r----~----+----+----+--+ f=O.lGHz 

90· 

i180· O· 

-90· I 
S-Parameter Data of FET 3SK165 

Zo=500 

Frequency 511 521 512 522 

MHz MAG ANG MAG ANG MAG ANG MAG ANG 
100 .999 -1.60 2.065 177.40 0.0011 88.48 .961 -.77 
200 .998 -2.97 2.044 172.69 0.0021 93.67 .961 -1.85 
300 .999 -4.28 2.180 169.86 0.0023 105.04 .971 -2.98 
400 .993 -5.70 2.077 170.12 0.0049 89.67 .958 -3.51 
500 .989 -6.98 1.981 167.14 0.0054 83.41 .958 -4.17 
600 .979 -8.16 1.999 161.04 0.0068 83.94 .960 -5.09 
700 .969 -9.57 2.004 160.63 0.0082 83.47 .955 -5..68 
800 .958 -10.84 1.957 159.23 0.0084 82.97 .955 -6.83 
900 .948 -12.16 1.856 153.88 0.0091 79.56 .948 -7.22 

1000 .938 -13.23 1.938 150.58 0.0106 78.17 .949 -8.58 
1200 .912 -15.27 1.789 147.43 0.0131 79.92 .941 -10.37 
1400 .877 -17.11 1.823 139.04 0.0151 74.26 .936 -12.06 
1600 .841 -19.12 1.700 137.04 0.0156 78.12 .935 -13.26 
1800 .805 -21.04 1.704 132.09 0.0171 77.47 .928 -13.91 
2000 .756 -22.32 1.448 126.14 0.0176 76.07 .922 -14.46 
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Noise figure characteristics 

at 450MHz 

Vos = 5.0V 
VG2S = 1.5V 
10 = 10mA 

Frequency 450 MHz 
NF min 0.50 dB 
Ga 23.83 dB 

(Vos=5.0V, VG2s=1.5V, 10=10mA) 
at 880MHz 

3SK165 

VOS = 5.0V 
VG2S = 1.5V 
10 = 10mA 

Frequency 880 MHz 
NF min 0.B6 dB 

Gamma (S); MAG 0.799 ANG 7.7B' 
Gamma (L); MAG 0.B87 ANG 7.31' 

Ga 23.70 dB 
Gamma (S); MAG 0.771, ANG 25.07' 
Gamma (L); MAG 0.830, ANG 21.84' 

at 2000MHz 
Frequency Ga NF Gamma·S 

(MHz) 

400 
450 
500 
BBO 

2000 

(dB) (dB) 

23.54 0.59 
23.B3 0.50 
22.79 0.47 
23.70 0.B6 
12.92 1.60 

Vos = 5.0V 
VG2S = 1.5V 
10 = 10mA 

Frequency 2000 MHz 
NF min 1.60 dB 
Ga 12.91 dB 

MAG 

0.B24 
0.799 
0.792 
0.771 
0.643 

Gamma (S); MAG 0.643, ANG 78.48' 
Gamma (L); MAG 0.559, ANG 46.00' 
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ANG 

3.16· 
7.7B· 

12.03· 
25.07· 
7B,48· 

Gamma· L 

MAG ANG 

0.910 8.75· 
0.BB7 7.31· 
0.B48 14.56· 
0.B30 21.84· 
0.559 46.00· 



SON~ 3SK166\ 
GaAs N-channel Dual-Gate MES FET 

Description Package Outline Unit: mm 
3SK166 is a GaAs N-channel Dual-Gate MES FET 

for low noise UHF amplifiers. Low noise and high gain 
characteristics are accomplished by optimum mask 
pattern design. Easier high frequency circuits adjust­
ments are made possible by the miniaturized plastic 
molded package which contributes to reduce parasitic 
elements of the device. 

Features 
• Low NF 
• High PG 
• High Stability 

Structure 

NF = 1.2 dB (Typ.) at 800 MHz 
PG = 20 dB (Typ.) at 800 MHz 

GaAs N-channel Dual-Gate MES (Metal Semiconductor) 
type FET. 

Applications 
• UHF Amplifier, oscillator. 

Absolute Maximum Ratings (Ta=25°C) 
• Drain to source voltage Vosx 8 
• Gate 1 to source voltage VG1S -6 
• Gate 2 to source voltage VG2S -6 
• Drain current 10 80 
• Channel temperature Tch 150 
• Storage temperature Tstg -55 to +150 

V 
V 
V 

mA 
°C 
°C 

• Allowable power dissipation Po 150 mW 

Electrical Characteristics 
Item Symbol Condition 

10 =200p.A 
Drain to source voltage Vosx VG1S=OV 

VG2S= -5V 

VG1S=-5V 
Gate 1 cutoff current talSS VG'S=OV 

VOS =OV 

VG's= -5V 
Gate 2 cutoff current IG2SS VG1S=OV 

Vos =OV 

VDS =5V 
Drain saturation current lOSS· VGl s=ov 

VG's=OV 
VDS =5V 

Gate 1 cutoff voltage VG1S (OFF) ID = 100"A 
VG'S=OV 
Vos =5V 

Gate 2 cutoff voltage VG2S (OFF) 10 = 100"A 
VG1S=OV 

VOS =5V 
Forward transfer admittance gm 10 =10mA 

VG'S= 1.5V 
f = 1KHz 

Input capacitance Ciss VOS =5V 
10 =10mA 

Re~erse transfer capacitance erss VG'S= 1.5V 
f =IMHz 

Power gain PG VOS =5V 
10 =10mA 

Noise figure NF VG'S = 1.5V 
f =800MHz 

* Classification 
Rank loss Umt 

3SK166·0 20-80 rnA 

3SK166-' 30-55 rnA 

3SK166-2 45-80 rnA 
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2.9±Q,2 
4 pin Plastic Mold 

~ 
(0.95 ) (0.95 ) 

1.1!~r 

~ 
3 2 rr ::l~ ::l o to 0.1 , +~ of! 

co <Xl L6 'N 

4 11 

o.4!lAs _I I I0.6!&A5 II 0.1 0 !&6. 

(0.95) LLo.a 5 ) 

~ 
1:Source 
'2 : Gat e 1 
3:Gate 2 

M-254 4:Drain 

Ta=25°C 
Min. Typ. Max. Unit 

8 V 

-20 "A 

-20 p.A 

20 80 mA 

-1 -4 V 

-1 -4 V 

25 40 mS 

1.3 2.0 pF 

25 40 fF 

18 20 dB 

1.2 2.5 dB 

E89333-ST 

I 
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K 

NF, Ga frequency dependence 
(Vos=10V, VG2s=1.5V, 10=10mA) 

60 30 

50 

CD 
:2- 40 
~ 
:::l 

~ 30 
51 
'0 
Z 

20 

25 
CD 
:2-

20 r::: 
'iii 

'" "0 

15 ~ 

] 
10 

" -~ " 
LL 
Z 

, 0 

1 .. 
Cl Nr/ -~ r--

400 880 2000 

f - frequency (M Hz) 

Application Example for Cellular System 

Hand Set 

MPU 
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r::: 
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:; 
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Cl 

9 

3SK166 

Output characteristics 
(Ta=25°C, VG2s=1.5V, vG1s=-O.2V/step) 
100 

VG1S 
V' ..1 j 

=OV 

50 
1/. 0.2V 

V .... -G.4V 

JV 0.6V 

l" 1 I 
-O.BV 

rj 1.0V 
1.2V 

o 1.4V 
o 5 10 

VDS - Drain -to-source voltage (V) 

NF-Io characteristics 
(Vos=5.0V, VG2s=1.5V, Frequency at 450MHz) 

'5 

CD 13 

:2-
~ 

, 
\ 

5, 
t;: 

51 o. 
'0 
Z 

LL 07 

Z 

\ 
\ 
"- -05 

00 100 200 300 

10 - Drain current (mA) 

• DTMF (Dual Tone Multi Frequency) 



3SK166 

S-Parameter vs. Frequency characteristics 
(Vos=5.0V; VG2s=1.5V, 10=10mA) 

j50 

o 1----+---+---1----1-- f = O.lGHz 

5" 

O· 

I 
S-Parameter Data of FET 3SK166 Zo=50n 

Frequency 511 521 512 522 

MHz MAG ANG MAG ANG MAG ANG MAG ANG 

100 .997 -4.90 3.815 173.47 0.0025 90.83 .941 -1.80 
200 .991 -9.59 3.745 165.74 0.0041 86.98 .939 -4.18 
300 .998 -13.04 3.672 161.43 0.0095 84.23 .979 -9.40 
400 .959 -18.65 3.647 155.81 0.0105 82.44 .928 -8.23 
500 .933 -22.47 3.471 149.90 0.0110 76.78 .925 -9.44 
600 .904 -26.50 3.400 141.51 0.0134 76.78 .926 -1.1.85 
700 .873 -30.25 3.311 137.92 0.0153 72.93 .913 -12.87 
800 .844 -33.71 3.173 132.54 0.0160 73.56 .912 -15.33 
900 .814 -36.72 3.002 '125.45 0.0172 69.08 .896 -16.30 

1000 .780 -39.35 3.058 120.39 0.0189 66.18 .897 -18.80 
1200 .707 -44.48 2.741 112.87 0.0217 65.07 .882 -22.55 
1400 .641 -49.20 2.636 103.06 0.0246 60.53 .868 -25.75 
1600 .587 -52.59 2.412 95.81 0.0236 61.71 .863 -28.06 
1800 .520 -54.29 2.357 88.93 0.0245 62.06 .855 -29.88 
2000 .452 -57.35 2.145 80.33 0.0239 60.92 .834 -31.69 
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Noise figure characteristics 
at 450MHz (Vos=5.0V. VG2s=1.5V. 10=10mA) at 880MHz 

j50 

VOS = 5.0V 
VG2S = 1.5V 
10 = 10mA 

Frequency 450 MHz 
NF min 0.60 dB 
Ga 23.02 dB 

Gamma (S); MAG 0.559 ANG 26.73' 

at 2000MHz 

j50 Frequency Ga NF 
(MHz) 

400 
450 
500 

880 
2000 

(dB) (dB) 

24.31 0.51 
23.02 0.60 
22.43 0.66 
19.25 0.78 
12.90 1.90 

VOS = 5.0V 
VG2S = 1.5V 
10 = 1'0mA 

Frequency 2000 MHz 
NF min 1.90 dB 
Gil 12.90 dB 

VOS = 5.0V 
VG2S = 1.5V 
10" = 10mA 

Frequency 8BO MHz 
NF min 0.78 dB 
Ga 19.25 dB 

Gamma (S); MAG 0.616, ANG 26.89' 

Gamma-S Gamma·L 

MAG ANG MAG ANG 

0.689 21.39° 0.902 14.07° 
0.559 26.73° 0.894 16.93° 
0.690 19.49° 0.894 17.93° 
0.616 26.87° 
0.542 51.14° 

Gamma (S); MAG 0.542, ANG 51.14' 
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SON~ 2SK676HSI 
AIGaAs/GaAs Low Noise Microwave HEMT CHIP 

Description 
The 2SK676H5 is an AIGaAs/GaAs HEMT 

chip fabricated by MOCVD (Metal Organic 
Chemical Vapor Deposition). This 0.5 micron 
gate FET features very low noise figure and high 
gain. and is suitable for a wide range of front- end 
amplifier applications including satellite reception 
and other communications systems up to K­
band. 

Features 
• Low noise figure 
• Excellent device uniformity 
• High gain 
• Wide band 

Structure 
AIGaAs/GaAs N-channel HEMT chip 
Twin gate-pad 7T geometry 

Absolute Maximum Ratings (Ta=25°C) 
• Drain to source voltage Vos 5 
• Gate to source voltage VGSO -3.5 
• Drain current 10 70 

Electrical Characteristics 

Chip outline 

V 
V 

mA 

Item Symbol Condition 

Gate to source cutoff current IGSS Vos=OV. VGs=-3V 

Drain current loss Vos=2V. VGs=OV 

Gate to source cutoff voltage VGs(OFF) Vos=2V. 10=500,uA 

Forward transfer admittance Yls Vos=2V. 10=10mA 

Noise figure NF 
Vos=2V. 

f=12GHz 
10=10mA 

Associated gain at NF min. Ga 
Vos=2V 

f=12GHz 
10=10mA 

Min. Typ. Max. 

-100 

10 40 70 

-0.2 -1.5 -3.0 

25 40 

1.4 

9 11 

Unit: ~lm 

Unit 

JJA 
mA 

V 

ms 

dB 

dB 

Noise figure ranks determined on a sampling basis by measuring ceramic-mounted devices. 

Noise Figure Classification (f=12 G Hz) 

Min. Typ. Max. 
2SK676H5-1 - - 1.0 
2SK676H5·2 - - 1.2 dB 
2SK676H5·3 - - 1.4 

VDS=2V 
ID=10mA 
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Allowable power dissipation vs. 

500 

400 

300 

200 

100 

o 
o 

Ambient temperature 

f\. 

\ 
.". 

i\. 
\ 

". 
50 100 150 200 2~0 

Ta - Ambient temperature (oC) 

Drain current vs. 
Drain to source voltage 

~o 

TI •• 2~'C 
VGS·OV 

1/ I-"" 1 
I -O.25V 

25 
1/ ....... - T 
IV -O.50V 

fI ~ I-- I 
V -O.75V 

-I-- -1.00V 

0 
:,...-I--' 

1.25V 
0 2.5 5.0 

VDS - Drain to source voltage (V) 

« .s ... 
c e 
5 
u 
c 
.~ 

0 
I 

9 
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2SK676H5 

Drain current vs. 

~o 

25 

o 
-2.0 

Gate to source voltage 
Bias Condition 

VOS -2.0V 
Ta·25'C 

j 

'/ 
j 

I 
I 

/ 
/ 

_V 
-1.0 o 

VGS - Gate to source voltage (V) 



2SK676H5 

8- Parameters vs. Frequency Characteristics 
Vos=2V. 10=10 rnA 

f 511 521 512 522 
(GHz) MAG ANG MAG ANG MAG ANG MAG ANG 

2 0.976 -20.0 3.415 161.1 0.030 79.2 0.744 -10.1 
4 0.916 -38.6 3.164 143.8 0.057 69.8 0.723 -19.0 
6 0.852 -54.2 2.819 129.4 0.076 62.2 0.700 -27.2 
8 0.775 -67.7 2.482 115.3 0.089 55.9 0.671 -32.6 

10 0.717 -78.3 2.154 105.0 0.096 52.8 0.657 -37.2 
12 0.667 -87.2 1.897 94.4 0.103 52.6 0.644 -41.4 
14 0.631 -93.7 1.666 85.4 0.103 55.0 0.648 -45.1 
16 0.625 -99.4 1.542 75.4 0.105 58.8 0.627 -47.8 
18 0.605 -106.8 1.237 63.6 0.123 62.6 0.645 -46.7 

811 821 
90' 

t.1SO°f--t--+---+-+---+--j------'f---I 

-90' Rrnax=5 I 
812 822 

90' 

-90' Rrnax=0.2 
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Equivalent Circuit 

R~ Cdg Rd 

Ga~I---'----'---"'----'>Nr--O-orain 

C~. 
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5! 
'0 
Z 
I 

u. 
Z 

Gm Rd. 

R~. 

R. 

Ls 

Source 

Minimum noise figure vs. 

/' 
/ 

1 
I 

II. 

4 

3 

2 1 
\ 

o 
o 5 

V" 

10 

Drain current 

-
o '" Ga 

~ 
1 

8 
f=12GHz 
VOS=2V 

6 

4 

2 

/' 

l..--'"" 
/ 

15 20 25 30 

ID - Drain current (rnA) 

E iii CD 
:E. :E. 
c ~ 

'iii 
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'" 0 
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co " 'u S-o " ~ 0 

0 
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2SK676H5 

Vos=2V. 10=10 mA 

Parameter Value 

Rg 10 

Cgs 0.23 pF 

Rgs 3.50 

Gm 50 mS 

Cds 0.06 pF 

Rds 3000 
Rd 10 

Rs 3.50 

Ls 0.08 nH 

Cdg 28 fF 

Output power at 1 dB 
gain compression 

12 

f=IJHZ 

10 VOS=3V 
10=loss/2 

V ~ 
/ 

8 

/ 
/ 

/ 
6 

/ 

V 
4 

2 

/ 
o 
-to -8 -6 -4 -2 0 4 6 

Pin· Input power (dBm) 



2SK676H5 

Chip Outline 

6 7 

1. Gate area 
2. Gate metal 
3. Gate bonding pad 
4. Source metal 

D 
5. Source bonding pad III 6. Drain bonding pad 

9 D 10 7. Drain metal 
8. Scribe line 
9. Alignment mark 

10. 0: 2SK676H5 

-----e 

4 

Chip Pattern Dimension 

D Symbol Dimension (lim) 
10 A 500 ±50 
D B 400 ±50 

C 15 ± 3 
D 10 ± 3 
E 15 ± 3 I B 

F 75 ± 5 
G 44 ± 5 

Chip thickne.. 150 ± 30 ~m 
Pad metal Au 1 ±0.15~m 
Sack metal TV Au 0.45 ± 0.05 ~m 

A 
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SONY<l> 2SK676H5 

Recommended Bonding Position 

HEMT Chip Handling Precautions 

1) All handling and assembly operations should be done in a clean and dry environment 

2) Chips should be stored in a dry nitnogen environment at room temperature. 

3) Care must be exercised when handling GaAs chips, since they break easily under pressure. 

4) All equipment used for handling, die attachment, and wire bonding (1lust be properly grounded to 
avoid electrostatic damage to the chips. 

5) Die attachment: Use AuSn alloy in nitrogen atmosphere. The temperature should be 280 to 30QoC, 
and the operation time should be kept as short as possible. When using Ag paste, cure for one hour 
at 160°C in a nitrogen atmosphere. 

6) Wire bonding: Thermal compression wedge bonding is recommended. 
The temperature should be under 290°C, and the operation time should be kept under a minute. 
Bonding wire diameter should be 0.7 to 1.0 mils (18 to 25 microns) diameter gold. Wire lengths 
should, in general, be kept as short as possible. 
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2SK676H5 

Packaging 

The chip is placed on the film carrier and numbered as shown in the figure, starting in the top left 
corner. 

A 1 I I I I I I I I 110 
-~-r-r-r-r-~-r-L-L-

B 11 I I I 1 1 120 
r -I- ,- ,j - L -I- - t- -r -I- -r-

C 211 1 I I I I I I 130 
-I- -1- -1- + -j--- -- -r- ---

o 31 1 1 I I I I I I 140 
-~-r-r-r,-~-~---~-

E 411 1 I I I I I 150 
-L-r--~-L-~~-~-T-

F 51 I 1 I 1 I 1 I 60 
_L_L_L-T-L---r-j--~-

G 61 1 I I I I I I 170 
-L_L_I-_L-t--L-r-r-I--

H nl I I I I I 100 
-+ -+ -r-r-r-r-L _ L ,--
811 I I I I I I 90 
I--I--I-~-------L-L~-

J 91 1 : 1 : I I I 1 1100 

2 3 4 5 6 7 8 9 10 
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SON~ 2SK677Hsj 
AIGaAs/GaAs Low Noise Microwave HEMT CHIP 

Description 
The 2SK677H5 is an AIGaAs/GaAs HEMT 

chip fabricated by MOCVD (Metal Organic 
Chemical Vapor Deposition). This 0.5 micron 
gate FET features very low noise figure and high 
gain, and is suitable for a wide range of front-end 
amplifier applications including satellite reception 
and other communications systems up to K­
band. 

Features 
• Low noise figure 
• Excellent device uniformity 

Chip outline Unit: J.lm 

• High gain 
• Wide band 

~-------------600--------------~ 

Structure 
AIGaAs/GaAs N-channel HEMT chip 
Twin gate-pad 7T geometry 

Absolute Maximum Ratings (Ta=25°C) 
• Drain to source voltage 
• Gate to source voltage 
• Drain current 

Electrical Characteristics 

Item 

Gate to source cutoff current 

Drain current 

Gate to source cutoff voltage 

Forward transfer admittance 

Noise figure 

Associated gain at NF min. 

VOS 
VGSO 
10 

Symbol 

IGSS 

loss 

VGs(OFF) 

Yls 

NF 

Ga 

5 
-3.5 

100 

V 
V 

mA 

Condition 

Vos=OV, VGs=-3V 

Vos=2V, VGs=OV 

Vos=2V, 10=500J.lA 

Vos=2V, 10=15mA 

Vos=2V, 
f=12GHz 

10=15mA 

Vos=2V 
f=12GHz 

10=15mA 

Ta=25°C 

Min. Typ. Max. Unit 

-150 J.lA 

15 60 100 mA 

-0.2 -1.5 -3.0 V 

37 60 ms 

1.4 dB 

9 11 dB 

Noise figure ranks determined on a sampling basis by measuring ceramic-mounted devices. 

Noise Figure Classification (f=12 G Hz) 

Min. Typ. Max. 
2SK677H5-1 - - 1.0 
2SK677H5·2 - - 1.2 dB 
2SK677H5·3 - - 1.4 

VDS=2V 
ID=15mA 
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Allowable power dissipation vs. 
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400 

300 

200 

100 

o 
o 

Ambient temperature 

" \ \ 
1,\ 

\. 
\ 

\ 
50 100 150 200 250 

Ta - Ambient temperature (oC) 

Drain current vs. 

100 

50 

I '/ ~ o 
o 

Drain to source voltage 

Ta = 2S'C 

J J 
t)OV 

~ 
O.25V 

1// 
,.. -O.50V 

rt/ ~ -O.7SV 

..-:-- I I 
1.00V 

- 1.2SV 

2.5 5.0 

VDS' Drain to source voltage (V) 

~ 
.§. 
E 
~ 
:::I 
u 

" 'f! 
c 

E 
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2SK677HS 

Drain current vs. 

100 

50 

o 
-2.0 

Gate to source voltage 

~ias 60ndi~ion 
VOS = 2.0V 
Ta = 2S'C 

V 
/V 

/ 

/ 
/ 

,/ 
-1.0 o 

V GS . Gate to source voltage (V) 

I 



SONY~ 2SKsnH5 

8- Parameter vs. Frequency Characteristics Vos=2V, 10=15 rnA 

f S11 S21 S12 S22 

(GHz) MAG ANG MAG ANG MAG ANG MAG ANG 

2 0.972 -33.1 4.808 157.4 0.037 72.5 0.675 -15.6 
4 0.888 -58.3 4.133 137.5 0.065 59.2 0.642 -28.8 
6 0.838 -80.2 3.535 122.5 0.086 48.2 0.606 .-40.5 
8 0.781 -95.1 2.948 111.1 0.098 41.4 0.581 -48.3 

10 0.741 -107.6 2.487 101.4 0.106 35.2 0.568 -54.9 
12 0:711 -118.4 2.132 93.1 0.110 29.3 0.557 -59.5 
14 0.701 -124.5 1.884 86.8 0.109 28.9 0.586 -63.5 
16 0.724 -133.2 1.796 80.2 0.125 22.4 0.587 -76.0 
18 0.682 -137.2 1.403 74.0 0.105 10.4 0.496 -73.4 

811 821 
90' 

"lao1--+--+--t----j--T--t----r~ 0' 

-90" Rrnax=5 

812 822 
90' 

-90" Rrnax=0.2 
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Equivalent Circuit 

Rg Cdg Rd 
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2SK677H5 

Vos=2V. 10=15 mA 

Parameter Value 

Rg 1.50 

Cgs 0.36 pF 

Rgs 30 

Gm 64 mS 

Cds 0.08 pF 

Rds 2000 
Rd 10 

Rs 2.30 

Ls 0.01 nH 

Cdg 40 fF 

Output Power at 1 dB 

gain compression 
12 

f=IJHZ 

10 VOS=3V L 
10=IOSS/2 V 
./ 

6 
V 

II 
I 

4 

V 
lL - -!?o'0 6-4-20 46 

Pin· Input power (dBm) 



SONY@ ·2SK677H5 

Chip Outline 

~ 7 1. Gate Area 
2. Gate Metal 
3. Gate Bonding Pad 

c 4. Source Metal 

III 5. Sou rca Bonding Pad 

6. Drain Bonding Pad 
9 10 7. Drain Metal 

B. Scribe Line 
9. Alignment Mark 

10. F: 2SK677H5 

Chip Pattern Dimension 

c 
III 

Symbol Dimension (JLm) 

.A 600 ±50 
F 

B 400 ±50 
C 15 ± 3 
D 10 ± 3 
E 15 ± 3 
F 100 ± 5 
G 44 ± 5 

Chip thickness 150 ± 30 ~m 
Pad metal Au 1 ± 0.15 ~m 
Back metal TV Au 0.45 ± 0.05 ~m I· A ·1 
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2SK677H5 

Recommended Bonding Position 

IJ 

III 

F 

HEMT Chip Handling Precautions 

1) All handling and assembly operations should be done in a clean and dry environment. 

2) Chips should be stored in a dry nitnogen environment at room temperature. 

3) Care must be exercised when handling GaAs chips. since they break easily under pressure. 

4) All equipment used for handling. die attachment. and wire bonding must be properly grounded to I 
avoid electrostatic damage to the chips. 

5) Die attachment: Use AuSn alloy in nitrogen atmosphere. The temperature should be 280 to 300°C. 
and the operation time should be kept as short as possible. When using Ag paste. cure for one hour 
at 160°C in a nitrogen atmosphere. 

6) Wire bonding: Thermal compression wedge bonding is recommended. 

The temperature should be under 290°C. and the operation time should be kept under a minute. 
Bonding wire diameter should be 0.7 to 1.0 mils (18 to 25 microns) diameter gold. Wire lengths 
should. in general. be kept as short as possible. 
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SONY~ 2SK677H5 

Packaging 

The chip is placed on the film carrier and numbered as shown in the figure, starting in the top left 
corner. 

A 1 I I I I I 1 I I 110 
-~-r-r-r-r-~-r-L-L-

B 11 I I I 1 ' 120 
--f-"1-...l- L -L -t- -r-I- -I-

e 211 , I I I I I ,30 
- -~ -,- 4 - + -t--- _L_r- ---

o 31' 1 I I I ' I I 140 
-L-r--I-r,-~-+---~-

E 41' I I I I I I 150 
-L-r--~-L-~~-~-T-

F 51 1 I I ' I I I 60 
_L_L_L-T-L---r-t--~-

G 61' I, "" '70 -L_L_I-_L-t--L-r-r-I--
H 71 I I I I I I 180 
-+-+-r-~-r-I-L-LI-

81" I, I ' I 90 
r--~-~-'--I--- ---I- _1-...1_ 

J 91' 1 II: : ' 1 1100 

2 3 4 .5 6 7 e 9 10 
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SONY; SGH5002F I 
AIGaAs/GaAs Low Noise Microwave HEMT Preliminary 

Description Package Outline Unit: mm 
SGH5002F is an AIGaAs/GaAs HEMTfabricated 

by MOCVD (Metal Organic Chemical Vapor 
Deposition). This 0.5 micron gate FET features 
very low noise figure and high gain. and is 
suitable for a wide range of fron~-end amplifier 
applications including satellite reception (DBS. 
FSS. TVRO) and other communications systems. 

(0.2 ) ~-
1.S,t0.5 

0178: 0•2 0.63 

l-
r-

SGH5002F-T6 is for taping. 
f-
l-

Structure O.15!8-A. 
AIGaAs/GaAs N-Channel HEMT 

Absolute Maximum Ratings (Ta=2SoC) 
• Drain to source voltage Vos 5 
• Gate to source voltage 
• Drain current 
• Channel temperature 
• Storage temperature 
• Allowable power dissipation 

Electrical Characteristics 

Item 

Gate to source cutoff current 

Drain current 

Gate to source cutoff voltage 

Transconductance 

Noise Figure Classification 

VGSO 
10 
Tch 
Tstg 
Po 

-3.5 
70 
150 

-55 to +150 
340 

Symbol Condition 

IGSS Vos=OV. VGs=-3V 

loss Vos=2V. VGs=OV 

VGS(OFF) Vos=2V. 10=5OOILA 

gm Vos=2V. 10=10mA 

(f=12 GHz. Vos=2V. 10=10 mAl 

~ 
NF (dB) Ga (dB) 

Max. Min. Typ. 

SGH5002F-01 1.7 8.5 9.5 
2 

SGH5002F-Q2 1.6 9.0 10.0 

SGH5002F-Qa 1.5 9.5 10.5 

SGH5002F-04 1.4 10.0 11.0 

SGH5002F-05 1.3 10.0 11.0 

3 
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OA 

1.36''''' 

M-253 

Min. Typ. 

10 40 

-0.2 -1.5 

25 40 

4 

1 Gate 
2 Source 
3 Drain 
4 Source 

*. "' 
III' 

i'-r-J-
4 

f---- -
'--

~ 

I I, ~~ 
lo.s.t:O.l 

~. 
0 

"' ~ 

l:Gate 
2:Source 
3:0rain 
4:Source 

Max. Unit 

-100 pA 

70 mA 

-3.0 V 

mS 

PE90246- ST 
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Allowable power dissipation vs. 

500 
Ambient temperature 

400 

300 ~ 

\ 
200 ,'\ 
100 ~ , 

o 
o 50 100 

\ 
150 200 250 

Ta . Ambient temperature (C) 

Drain current vs. 
Drain to source voltage 

50 

Ta = 25°C 
VGS = OV 

V ~ 
'-O.2'5V / 

25 
IJ V ~ , , 

IV -O.50V 

h I-.....- J 1 
V -O.75V 

b--.....- 1.00V 

0 
i-"'" t-" 1.25V _ 

0 2.5 5.0 

VDS - Drain to source voltage (V) 

< 
.§: ... 
I: 

~ 
~ 

" I: .n; 

Ci 
9 
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Drain current vs. 

50 

25 

o 
-2.0 

Gate to source voltage 

Bias CondItion 

VOS = 2,OV 
Ta = 25°C 

.L 
IL 

1 
II 

I 
V 

V -V 
-1.0 o 

VGS· Gate to source voltage (V) 

SGH5002F 



SGH5002F 

S- Parameter vs. Frequency Characteristics (VDS=2V ID=10 rnA) 

f 511 521 512 522 

(GHz) MAG ANG MAG ANG MAG ANG MAG ANG 

2.0 .968 -35.4 3.490 145.5 .032 64.5 .777 -25.4 

3.0 .939 -52.7 3.388 129.2 .045 51.8 .753 -37.9 

4.0 .901 -69.6 3.255 113.0 .055 39.8 .726 -50.3 

5.0 .859 -86.2 3.105 97.3 .063 29.3 .701 -62.2 

6.0 .820 -101.8 2.940 82.2 .066 19.1 .680 -74.4 

7.0 .787 -116.6 2.777 67.9 .068 10.3 .661 -87.1 

8.0 .763 -130.1 2.627 54.2 .066 2.1 .650 -99.4 

9.0 .739 -143.0 2.486 41.1 .064 -3.0 .637 -110.8 

10.0 .717 -155.4 2.371 28.5 .063 -5.9 .635 -121.3 

11.0 .696 -167.3 2.249 15.8 .062 -10.0 .640 -132.5 

12.0 .674 -178.9 2.152 4.0 .060 -12.8 .644 -143.9 

13.0 .660 169.7 2.059 -8.4 .059 -14.7 .647 -156.2 

14.0 .646 158.2 2.001 -19.8 .060 -15.2 .654 -166.0 

15.0 .632 146.6 1.939 -31.9 .060 -15.9 .670 -176.0 

16.0 .611 134.7 1.886 -43.8 .067 -18.3 .682 174.8 

17.0 .594 122.5 1.861 -55.8 .071 -22.6 .696 164.4 

18.0 .574 109.2 1.821 -68.4 .080 -32.1 .702 153.7 

S11 S21 

180 I--l--+----+-+---il-+-lt--+--!--l 0 

I 
S12 S22 

180 --!---I--10 
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Minimum noise figure vs. 
. Drain current 

v ~ 

JV 
Ga 

~ 
/ f-12GHz 

VoS-2V . 

1 
I 

u. 

2 \ L 
\ ~ 

~ 

Z 3 

1 o 

8 

co 
6 " 

c: 
.~ 

4 " ~ .. 
.~ 

2 .;;: 

u. 
Z .. 
t:l 

o 
o 51015 2025 30 

10· Drain current (rnA) 

Noise Parameter Frequency Characteristics 

MODEL : SGH5002F-05 

FREQUENCY NF [min] Gamma 
(GHz) (dB) MAG. 

4,. 0.48 0.61 
6 0.65 0.55 
8 0.88 0.52 

10 1.06 0.51 
12 1.25 0.50 
14 1.44 0.49 
16 1.61 0.48 
18 1.78 0.47 

E 
00 
~ 

~ c. ... 
e· 
" o 

12 

10 

4 

2 

o 

SGH5002F 

Output power at 1 dB 
gain compression 

-1 
f-12GHz 
VOS-3V 
10=loss/2 

V l-

/' 

/ 
, 

/ 
V 

J. 

V 
/ 

-10 -8 -6 -4 -2 0 4 6 

Pin· Input power (dBm) 

Vos= 2V. 10= 1 OmA 

Optimum Ga Rn 
ANG. (dB) (ohm) 

59.8 14.9 11.2 
92.5 13.7 8.3 

122.4 12.6 6.7 
151.6 11.7 4.1 

-178.5 10.9 2.8 
-151.2 -10.1 3.4 
-126.3 9.5 5.6 
-99.6 8.3 9.7 
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SONY; SGH5003F I 

AIGaAs/GaAs Low Noise Microwave HEMT Preliminary 

Description Package Outline 
SGH5003F is an AIGaAs/GaAs HEMTfabricated 

by MOCVD (Metal Organic Chemical Vapor 
Deposition). This 0.5 micron gate FET features 
very low noise figure and high gain. and is 
suitable for a wide range of front-end amplifier 
applications including satellite reception (DBS. 
FSS. TVRO) and other communications systems. 

SGH5003F-T6 is for taping. 

Structure 

(0.2 ) 

0.63 ~A 
5:t0,,5 

D 1 7 BiO.,2 

AIGaAs/GaAs N-Cnannel HEMT 1.38 to,z . 

Absolute Maximum Ratings (Ta=2S0C) 
• Drain to source voltage VOS 5 
• Gate to source voltage VGSO -3.5 

• Drain current 10 100 
• Channel temperature Tch 
• Storage temperature 
• Allowable power dissipation 

Tstg 
Po 

150 
-55 to +150 

340 

V 

V 
mA 
°c 
°c 

mW 

Electrical Characteristics 

Item Symbol Condition 

Gate to source cutoff current IGSS Vos=OV. VGs=-3V 

Drain current loss Vos=2V. VGs=OV 

Gate to source cutoff voltage VGS(OFF) VDs=2V. ID=500,uA 

Transconductance gm Vos=2V. 10=15mA 

Noise Figure Classification 
(f=12 GHz. Vos=2V. 10=15 mAl 

~ 
NF (dB) Ga (dB) 

Max. Min. Typ. 

SGH5003F-Ol 1.7 8.5 9.5 

SGH5003F-02 1.6 9.0 10.0 2 

SGH5003F-03 1.5 9.5 10.5 

SGH5003F-04 1.4 10.0 11.0 

SGH5003F-05 1.3 10.0 11.0 

M-253 

Min. Typ. 

15 60 

-0.2 -1.5 

37 60 

4 

1 G-ate 
2 Source 
3 Drain 

3 4 Source 

- 291-

Unit: mm 

l:Gate 
2:Source 
3:0rain 
4:Source 

(Ta=25°C) 

Max. Unit 

-150 p.A 

100 mA 

-3.0 V 

mS 

PE90247- ST 
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Allowable power dissipation vs. 

~oo 

400 

300 

200 

100 

o 
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Ambient temperature 

~ 

\ 
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I\. 
" 
~ 

~o 100 150 200 2~0 

Ta . Ambient temperature (oC) 

Drain current vs. 

100 

~o 

I 
II! 
'V o 
o 

Drain to source voltage 
Ta ~ 25°C 

VGS~OV 

j..--"'''''' O.25V 

1// V -' O.5~V 

V ........ V -O.75V 

~ ~ I l.~V 

r-- 1.25V 

2.5 ~.o 

VDS - Drain to source voltage (V) 

Drain current vs. 

« 
E 
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0::: 
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100 

~o 

o 
-2.0 
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Gate to source voltage 

~ias ~ondi~ion 
Vos ~ 2.0V 
Ta ~ 25°C 

V 
,LV" 

V 

V 
V 

:/ 
-1.0 o 

V GS . Gate to source voltage (V) 

SGH5003F 



SONY® SGH5003F 

S- Parameter vs. Frequency Characteristics tVos=2V, 10=15 rnA) 

f S11 S21 S12 S22 

IGHz) MAG ANG MAG ANG MAG ANG MAG ANG 

2.0 .940 -43.4 4.622 138.9 .038 60.7 657 -30.3 

3.0 .886 -63.7 4.350 120.1 .054 49.4 .625 -44.4 

4.0 .826 -83.3 4.032 102.1 .063 37.0 591 -58.0 
5.0 766 -101.4 3.708 85.4 .071 28.1 564 -71.0 

6.0 .714 -1.18.5 3.408 69.8 .074 19.9 .537 -83.7 

7.0 .675 -134.2 3.141 55.3 .077 12.3 .522 -95.8 

8.0 .645 -148.5 2.908 41.5 .078 7.0 .516 -107.5 

9.0 .622 -161.9 2.725 28.2 .079 1.9 .518 -118.4 

10.0 .595 -175.0 2.556 15.3 .083 -.6 .520 -129.6 

11.0 574 172.3 2.420 2.9 .084 -3.6 .521 -140.7 

12.0 .553 159.4 2.297 -9.4 .088 -8.1 .526 -151.7 

13.0 538 147.1 2.200 -21.9 .095 -12.1 .537 -163.1 

14.0 .518 134.8 2.121 -34.3 .100 -17.9 .548 -173.4 

15.0 .497 121.7 2.052 -46.9 .108 -24.2 .566 176.6 

16.0 .477 107.8 1.994 -59.5 .116 -31.8 .575 166.3 

17.0 .462 93.2 1.954 -72.6 .123 -41.1 .575 154.8 

18.0 .439 77.6 1.916 -86.8 .134 -51.5 .574 143.1 

S11 S21 

180 f--f--+--t-+--1f-+-t-+-+-t--J 0 

I 
S12 S22 

180 l-+--1l-+--,I-+--:hnlo:-=-t--t--t 0 
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SONY~ SGH5003F 

Minimum noise figure vs. Output Power at 1 dB 
Drain current gain compression 

12 
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iii 
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.~ 4 
0 
Z 

LL 3 
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f--~ --- G. 

/' 
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I f~12GHz 

VOS-2V . 

o 

8 

12 - f- f=,!GHZ /"" 
Vos=3V V IO~lossl2 

/ 

IV 
/ 

J 
/ 

E 10 
al 
:!:!. 

~ 
0 
Co .. 8 :> 
Co .. 
:> 
0 

2 

" 
NF 
~ --- -2 / 

j 
tf 

6 

o 4 
-8 -6 -4 -2 0 2 4 

10' Drain current (rnA) Pin· Input power (dBm) 

Noise Parameter Frequency Characteristics 

MODEL: SGH5003F-05 Vos=2V.lo=15mA 

FREQUENCY NF [min] Gamma Optimum Ga Rn 
(GHz) (dB) MAG. ANG. (dB) (ohm) 

4 0.47 0.57 71.2 15.1 10.9 
6 0.64 0.53 106.5 13.9 7.6 
8 0.84 0.50 141.1 12.7 5.9 

10 1.05 0.49 170.6 11.8 3.4 
12 1.25 0.48 -167.1 10.8 2.6 
14 1.45 0.47 -136.7 9.9 3.1 
16 1.63 0.46 -109.8 9.2 5.2 
18 1.81 0.55 -77.1 8.1 8.7 
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SONY; SGH5612F I 

AIGaAs/GaAs Low Noise Microwave HEMT 

Description Package Outline Unit: mm 
SGHS612F is an AIGaAs/GaAs HEMT fabricated· 

by MOCVD (Metal Organic Chemical Vapor Deposi· 
tion). This HEMT features very low noise figure and 
high gain, and is suitable' for a wide range of front· 
end amplifier applications including satellite recep· 
tion (DBS, FSS, TVRO) and other communications 
systems. 

(1l2 ) 

0.63 

I-
SGHS612F·T6 is for taping. I-

r-
r-

Structure 
AIGaAs/GaAs N·Channel HEMT 0.15!8~s 

Absolute Maximum Ratings (Ta=2S'C) 
• Drain to source voltage 
• Gate to source voltage 
• Drain current 
• Channel temperature 
• Storage temperature 
• Allowable power dissipation 

Electrical Characteristics 

Item 

Gate to source cutoff current 

Drain current 

Gate to source cutoff voltage 

Transconductance 

Noise Figure Classification 

VOS 
VGSO 
10 
Tch 

Tstg 
Po 

4 
+0.4 -3.0 

70 
ISO 

-55 to + ISO 
340 

V 
V 

mA 
'C 
'C 

mW 

Symbol Condition 

IGSS Vos=OV, VGs= ..,.3V 

los Vos=2V, VGs=+O.4V 

VGS(OFF) Vos=2V, 10=SOOpA 

gm Vos=2V, 10=10mA 

(f=12GHz, Vos=2V, 10=10mA) 

Rank 
NF (dB) Ga (dB) 

Typ. Max. Min. Typ. 

SGHS612F·03 LOS 1.2 9.S 10.S 

SGHS612F·04 0.9 1.0 9.S 10.S 
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1.3 B'Q,2 

15%0.5 15;1;0.5 

D1~:--
~. 

'" 

iL-
111' 

r-~---' 
4 

r-- -
'-

'" II, ;;. 
-N 

_110.5.0•, "'~j 0 
Q ~ -'" ~ 

1:Gate 
2:Source 
3:Drain 

M-253 4:Source 

Min. 

12 

+0.2 

30 

3 

Ta=2S'C 

Typ. Max. Unit 

-100 pA 

30 70 

-O.S -2.0 

SO 

1 Gate 
2 Source 
3 Drain 
4 Source 

mA 

V 

mS 

E90525AOX·HP 

I 
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Allowable power dissipation vs. 

~ '00 

c: 
:8 
[ 
'iii :5 300 

"­
CD 
~ 8. 200 

CD :c 
~ tOO 

.Q 
C( 
6 0 

a.. 0 

Ambient temperature 

\. 

\ 
1"-

\. 

\ 
'00 .00 

T a-Ambient temperature (,C) 

S·Parameter vs. Frequency Characteristics 

Frequency 511 521 

(GHz) MAG ANG MAG 

1 0.994 -15.8 3.394 
2 0.981 -31.1 3.344 
3 0.957 -46.4 3.305 
4 0.923 -62.0 3.214 
5 0.881 ;"'77.5 3.105 
6 0.837 -92.4 2.976 
7 0.799 -106.7 2.844 
8 0.773 -120.2 2.723 
9 0.746 -133.1 2.618 
10 0.716 -146.1 2.509 
11 0.687 -158.7 2.386 
12 0.662 -170.6 2.285 
13 0.648 178.3 2.212 
14 0.635 167.2 2.169 
15 0.618 155.8 2.130 
16 0.594 143.8 2.066 
17 0.575 131.8 2.025 
18 0.563 119.8 2.004 

ANG 

163.9 
148.9 
134.1 
118.8 
104.1 

90.0 
76.5 
63.4 
50.7 
37.7 
25.5 
14.1 

3.0 
-8.5 

-20.4 
-32.1 
-43.3 
-55.5 
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Drain current vs. 
Gate to source voltage 

--t-- -- _. 

/ 

V 
/ 

VGs·Gate to source voltage (V) 

Drain current vs. 
Drain to source voltage 

Ta=2S'C 

. ~G5JO.6V 

- O.4V -- O.2V 

IV' - ov 
!L-'" -O.2V 

ff. V -O.4V 
Y. I-- -O.6V 

-O.SV 
3.0 

o 
o 

Vos-Drain to source voltage (V) 

(Vos=2V,lo=10mA) 

512 522 

MAG ANG MAG ANG 
0,018 77.8 0.548 -12.4 
0.036 68.8 0.538 -24.0 
0.053 58.8 0.521 -36.4 
0.069 47.6 0.498 -48.7 
0.080 37.2 0.473 -61.0 
0.091 27.9 0.448 -73.4 
0.098 19.4 0.427 -86.0 
0.103 11.9 0.414 -98.4 
0.107 3.4 0.411 -109.7 
0.110 -4.2 0.405 -121.0 
0.111 -11.3 0.402 -131.6 
0.112 -17.7 0.396 -142.3 
0.112 -24.6 0.399 -152.4 
0.115 -31.4 0.407 -161.4 
0.116 -38.1 0.417 -171.2 
0.118 -46.3 0.428 179.2 
0.119 -54.8 0.432 169.2 
0.123 -63.7 0.446 160.8 
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S11 

j50 

-j50 

S12 

90' 

180' f--I--I-----+--+-+--+--+-i-':=-_t__ O' 

-90' Rmax=.2 
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-90' 

S22 
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-j50 
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I 

Rmax=1 
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Minimum noise figure vs. Drain ·current 

I 
Ga 

......-f..--
/' 

/ 
V 

I 

12 

10 

CD 
:3- m .~ 

'" :3-
tID 

~ 
"C ::J 
2 tID 

'" :;: 
.(3 

Q) 
0 III 
III ·0 III 
<t Z 
I.J... Li.. 
z z 

'" <!l 

\~ 
NF -

o 
o 4 '2 .6 20 24 

lo-Drain current (mA) 

Noise Parameter 

(f=12GHz, Vos=2V, lo=10mA) 

NF [min] Gamma Optimum Ga Rn 
(dB) MAG. I . ANG. (dB) (n) 
0.9 0.56 I 170 10.5 1.8 
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Minimum noise figure vs. Drain voltage 
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SOME 
(Magneto resistance element) 



5) SOME (Magneto resistance element) 

Type Package Applications Remark Page 

OM-106B 3P Mold rpm detection, other general use 
Small, standard model 

301 (2.3kO typ) 

OM-1ll 3P Mold 
rpm detection, battery operated High resistance 

305 
telemeter (650kO typ) 

Matching with 
DM-211 4P Mold Ditection of revolution speed multi-pole ring magnet 311 

(l=4.52mm) 

DM-230 
4P Special N on-contact angle of rotation detection 

High sensitibity 316 
Mold N on-contact number of rotation detection 

DM-231 
4P Special N on-contact angle of rotation detection Biasmagnet adbered 

320 
Mold Contactless potentiometer 9=90' 

DM-232 
4P Special N on-contact angle of rotation detection Biasmagnet adhered 

324 
Mold ContactIess potentiometer 9=0' 

DM-233 
4P Special N on-contact angle of rotation detection Ferrite without 

328 
Mold Contactless potentiometer magnetic field adhered 
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SONY; DM-1068 I 

Magneto-Resistance Element 

Description Packa e Outline 
The DM-1068 is a highly sensitive magneto­

resistance element composed of an evaporated 
ferromagnetic alloy on a silicon substrate. (The ele­
ment can be used for automatic shut off of tape 
recorders, as a contactless switch, and as a gener­
al detector of rotational motion.) 

Features 
• Low power consumption 

• Low magnetic field and 
high sensitivity 

• High reliability 
Ensured through silicon 
Nitride protective filming 

Structure 

11 p.W (Typ.) 
Vcc = 5V 
80 mVp-p (Typ.) 
Vcc = 5V 
H = 1000e 

Thin-film nickel-cobalt magnetic alloy on silicon 
substrate 

Absolute Maximum Ratings ITa = 25°C) 

• Supply voltage Vee 10 
• Operating temperature Topr -40 to +100 
• Storage temperature Tstg -50 to +125 

Recommended Operating Condition 

• Supply voltage Vcc 5 

Electrical Characteristics 

Item Symbol Condition 

Total resistance RT Vcc = 5V, H = 100 Oe, Revolving magnetic field 

Midpoint Vc Vcc = 5V, H = 100 Oe, Revolving magnetic field potential 

4.0=*0.2 

I I 10.6 

OA 

1.27 1.27 

V 
°C 
°C 

V 

Min. 

1.4 

2.45 

Output voltage VO Vcc = 5V, H = 100 Oe, Revolving magnetic field 60 

Mark 
106 

- 301 -

Typ. Max. 

2.3 3.7 

2.50 2.55 

80 

Unit: mm 

. 
N 

M-110 

Unit 

kO 

V 

mVp-p 

60142A-TO 

I 



Equivalent Circuit 

2 3 

Introduction 

1. Power supply pin and Output pin 

2. Sensitive direction vs. Midpoint potential 

, 
Midpoint potential 

a 

2 3 

OM-l0SB 

RA: Resistance reduces as the magnetic 
field revolves. 

Rs: Resistance increases as the magnetic' 
field revolves. 

~cld/ 

: ~7 Direction of Magnetic-flux 
Incidence 

III Sensitive 

VCC~----~~~~==~~H~ __ fL ________ -4;-________ +-________ ~ 

1- Noo_ • .,. 

Direction of Magnetic-flux 
Incidence 

Useful Region 

C 

Changes occur to the output voltage at the 
saturation region of V -H curve according to the 
direction of magnetic flux. 
These changes provide for the operation. 
• With one rotation of magnetic flux, signals 

for 2 periods are obtained. 
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Applications 
,. Detection of revolution 

2. Position detecting 

3. Bridge Circuits 

Notes on Application 

Circuits 

Vee 

rz 

By coupling 2 pieces back to back and sticking 
them together in a bridge, the output voltage is 
doubled. 

• Execute the solder of the lead line within '0 seconds at a temperature below 260°C . 
• To Fix the ELEMENTS: When glue is used. DO NOT apply mechanical stress to the elements. 
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Midpoint potential vs. Magnetic field intensity 
2.55 
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Output voltage vs. Magnetic field intensity 
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Midpoint potential vs. Direction of 
magnetic-flux incidence 

/ \ 
I 1\ 

/ \ 1 Vee = 5V 

II \ 2 
H=1500e 
Output 

3 GND 
I 

~~ / li / 
I \ V 

/ r\ / 
321 

I I I 

o 45 90 135 180 225 

9 - Direction of magnetic-flux'incidence (deg) 

OM-IOBB 

Total resistance. output voltage vs. Temperature 

9- 120 

Q. 
> 110 .s 
CIl 100 
Cl 
~ 90 
0 
> ... eo ::I 

% 70 
0 

~ 
60 

50 

I-- H = 1 00 Oe (Revolving magnetic field) _ 
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1 - r--
'-.. V 

"" "><'" 1. RT _ 

V '-.. 2. Vo 

/" ""2 
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CIl 
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Q) 
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a; 
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SONY;; 
Magneto-Resistance Element 

Description Packa e Outline 
The DM-111 is a highly sensitive magnetic 

resistance element, composed of an evaporated 
ferromagnetic alloy on a silicon substrate. The ele­
ment can be used for detection of rotational 
speed and for detection of angle of rotation and 
as a detection of position. 

Features 
• Low power consumption 

38 iJ-W (Typ.) at Vee = 5V 
• Low magnetic field and high sensitivity 

75 mVp-p (Typ.) at Vee = 5V and H = 50 Oe 
• High reliability 

Absolute Maximum Ratings ITa = 25°C) 

• Supply voltage Vee 10 v 
• Operating 

temperature Topr -40to +80 °C 

• Storage 
temperature Tstg -50to +100 °C 

Recommended Operating Condition 

• Supply voltage Vee 

Electrical Characteristics 

5 

Item Symbol 

Total resistance 

Midpoint potential 

Output voltage 

Mark 

RT 

Vc 

Vo 

SONY 
111 

[[] 

2 

v 

Condition 

H = 50 Oe, Ii = 45° 

Vee = 5V, H = 50 Oe 
Revolving magnetic field 

Vee = 5V, H = 50 Oe 
Revolving magnetic field 

:3 
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0.5:1:0.2 

1.2 

7.0 tO.<l 

2.54 

5.08 

Min. 

500 

2.47 

30 

DM-111I 

Unit: mm 

2.0:1:0.3 

1.0 

0.25:1:0.1 

M-l02 

Ta = 25°C 

Typ. Max. Unit 

650 800 k.fl 

2.50 2.53 V 

75 mVp-p 
I 

51027A-TO 
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Equivalent Circuit 

2 3 

RA> Resistance reduces as the magnetic field 
revolves. 

OM·'" 

RB: Resistance increases as the magnetic field 
revolves. 

2 3 

Introduction 

1. Power supplying pin and output pin 

2. Sensitive direction vs. Midpoint potential 

Midpoint potential 

Hs 

a 

Direction of Magnetic-flux 
Incidence 

Sensitive 

Non-sensitive 

Vcc 
""""2 h\----,r-~.EI====----jL-----=-+-----I_------' Direction of Magnetic-flux 

H 

Useful Region 

Incidence 

c 

Changes occur to the output voltage at the 
saturation region of V -H curve according to the 
direction of magnetic flux. 
These changes provide for the operation 
• With one rotation of magnetic flux. signals 

for 2 periods are obtained. 

- 306-



SONY® 

3. 0° Biasing magnetic field 
(Switching use) 

n 1) 

i i 
::J ~ 

4. 45° Biasing magnetic field 
(Analog use) 

i 
J 

l). II 
~ ~ 
/l il} 

v 

H 

Sensitive 

! 
Biasing ~ - Non-Sensitive 
Magnet 1 

- Biasing Magnetic Field 

n Detected Magnetic Field 

Sensitive 

Biasing ~ - Non-Sensitive 

Magnet I 

----'---'---1'-------- H 'BiaSing Magnetic Field 
r:f? Detected Magnetic Field 
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Applications 

1. Detection of revolution 

2. Position detecting 

3. Angular detection of rotating wheel 

4. Reading out of analog value 

1
1 Electric 
~ current 

(~,,, ~j'\~ 
,~ .. ,,~ 

...... ----,: ... '" 

~
Electric 
current 

~ 

5. Position detecting of revolving element 

y " ~: ~ 

~ Magnetic conductors 
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Circuits 

2, 3, 5 

1,2,3,5 

I 

Vee 

Magnetic 
conductors 

Bridge Circuits 

Vee 

Biasing Magnet 

~OO~ 
v~'~ II m 

By coupling 2 pieces back to back and sticking 
item together in a bridge, the output voltage is 
doubled. 

How to Make a Biasing Magnetic Field 
• Stick a rubber or ferrite biasing magnet. 
• Position an element between the poles of the permanent magnet. 

Notes on Application 

Output 

Output 

• Execute the solder of the lead line within 10 seconds at a temperature below 260°C. 
• To Fix the ELEMENTS: When glue is used, DO NOT apply mechanical stress to the elements. 
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Midpoint potential vs. Magnetic field intensity 
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SONY: DM-211 I 
Magnetoresistance Element 

Description Packa e Outline Unit: mm 

The DM-211 is a highly sensitive magneto 
resistance element, composed of an evaporated 
ferromagnetic alloy on a sillicon substrat!!. 

This element can be used for the detection of 
rotational speed and direction of rotation. 
tion. 

Features 
• Low magnetic field and high sensitivity 

75mVp-p (Typ.) at Vcc = 5V 
and H = 1000e 

Absolute Maximum Ratings ITa = 25°C) 
• Supply voltage Vee 10 v 
• Operating 

temperature 
• Storage 

temperature 

Topr 

Tstg 

-20to +120 

-50to +150 

Recommended Operating Condition 
• Supply voltage Vee 5 v 

Electrical Characteristics 

Item Symbol Condition 

Total resistance RT H = 1000e 
6 = 45° Vee = 5V 

Midpoint potential VA, VB 
Revolving magnetic field 
H = 100 Oe Vce = 5V 

Midpoint potential 
IVA-vB I 

Revolving magnetic field 
difference H = 100 Oe Vee = 5V 

Output voltage VOUT 
Revolving magnetic field 
H = 100 Oe Vee = 5V 

See the Electrical 
FG irregular of rotation Characteristic Test 

Circuit (Page 209) 
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215:1:01' 
1.2:01 

.2' 

0.9".!.'--i H 

0."" _ !-

1.3 1.1 1.1 1.8 

Min. Typ. Max. Unit 

1.6 3.0 kn 

2.475 2.525 V 

-25 25 mV 

50 75 mVp-p 

0.03 % 

51071B-TO 

I 
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Mark 

Equivalent Circuit 

20----+ 
VA 

1 Vee 

SONY 
DM211 

00 
~ 

3 4 

+---<13 
VB 

4 GND 

FG Irregular of Rotation Test Circuit 

Motor 

Magnet ring 

Sensor DME for speed control servo 

Pattern Layout· 

0.565 

-

Through time 
demodulator 
circuit 

1 
2 

~Magnet SpecificatioJ 
Outline 63 mm<fl 
Magnetic poles 90 

Gap 

To be measurement device DM-211 
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0.565 0.565 

-

3 4 

Meter indicator 
amplifier 

QM-211 

(Unit: mm) 
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I 

Electrical Characteristic Test Circuit 
(Speed servo circuit) 
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Output voltage vs. Magnetic field intensity Total resistance vs. Ambient temperature 
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Magnetoresistance Element 

Description 
DM-230 a magnetic sensor using magneto resist­

ance effect is composed of ferromagnetic material 
deposited by evaporation on a silicon substrate.lt is 
suitable for angle of rotation detection and number 
of rotation detection_ 

Features 
• Low magnetic field and high sensitivity: bridge 

type stands for large output voltage 
150mVp-p (Min) at Vee=5V_ H=180 Oe. 

• High reliability: Achieved through silicon nitride 
protective film. 

Structure 
Ferromagnetic thin film circuit (fitted with non 
magnetic ferrite) 

Applications 
• Non-contact angle of rotation detection. 
• Non-contact number of rotation detection. 
• Contactless switch and contactless potentiometer. 

Absolute Maximum Ratings (Ta=2S'C) 
• Supply voltage Vee 10 

• Storage temperature Tstg -55 to +150 

Recommended Operating Conditions 
• Supply voltage Vee 5 
• Operating temperature Topr -40 to +100 

Marking 

o c:::i! 230 !!::=:J 0 

<D c:::i! IT] 0 
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Package Outline Unit: mm 
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Electrical Characteristics 
Item 

Output voltage 

Midpoint potential 

Midpoint potential 
difference/Output voltage 

Total resistance 

Equivalent Circuit 

Basic Performance 
1) Operation principle 

VA 

Symbol 

Vo 

VA, Va 

I VA-Va I 
--V-o-

RT 

t Vee 

3 GND 

* Device interna I structure 
(Back of ma rk face) 

1 pin 

OM-230 

Ta=2S'C 

Condition Min. Typ. Max. Unit 

Vcc=5V, H=IS0 Oe 150 mVp-p (Revolving magnetic field) 

Vcc=5V, H=O Oe 2.475 2.525 V 

Vcc=5V, H=O Oe 15 % 

H=IS0 Oe 500 650 SOO n (Revolving magnetic field) 

V. 

According to the rotation of the external magnetic field, 
RA, Rc : Resistance reduces 
Ra. Ro : Resistance increases 

When 0=90' 
RA, Rc : Maximum resistance 
Ra. Ro : Minimum resistance 
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2) Power supply pin and output pin 

: =;230F : 
1 =~::=!=L...J~=c:C = · 
0-----------0 Vee 

t-O--w.r-1 ....... /~H'----o Out put 

o----~------oGND 

3) Sensitivity direction 
Non·Sensitive 

Basic Application 

t _ Sensitive 

= 

Rotation angular detection 

Out put 

DM-230 

The ferromagnetic magneto resistance element differs 
from the semiconductor magneto resistance element and 
hole element in that it responds only to the magnetic 
field within the element's surface. It is not sensitive to 
the magnetic field perpendicular to the element. 

Out put 

--~---+----'-_ Magnetic field ---'-----\:----.:.;~- Magnetic field 
angle 8 angle 8 

.=: ~~.F=6= 
~H or H~ 

H 

or~ 
~ 

H 
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Magnetoresistance Element 

Description Package Outline 
DM·231 a magnetic sensor using magneto resist· 

ance effect is composed of ferromagnetic material 
deposited by evaporation on a silicon substrate. It is 
suitable for angle of rotation detection. 

Features 
• Low magnetic field and high sensitivity: bridge 

type stands for large output voltage 
150mVp·p (Min) at Vcc= 5V. H = 180 Oe. 

• Fitted with bias magnet: stable output 
• High reliability: Achieved through silicon nitride 

protective film. 

Structure 
Ferromagnetic thin film circuit (With ferrite mag· 
net) 

Applications 
• Non·contactangle of rotation detection. 
• Contactless potentiometer. 

Absolute Maximum Ratings (Ta=2S'C) 
• Supply voltage Vcc 10 V 
• Storage temperature Tstg -30 to +100 'C 

Recommended Operating Conditions 
• Supply voltage Vcc 5 V 
• Operating temperature 

Marking 

Lot No. 

231 
IT] 

Electrical Characteristics 
Item Symbol 

Output voltage Vo 

Midpoint potential VA, VB 

Midpoint potential I VA-VB I 

Topr -20to +75 'C 

Condition 

Vcc= 5V, H = 180 Oe (Peak) 
AC magnetic field 0=0' 

Vcc=5V, H=O Oe 

difference/Output voltage --V-o- Vcc=5V, H=O Oe 

Total resistance RT H=lBO Oe (Peak) 
AC magnetic field 0=0' 

- 320-

Min. 

150 

2.475 

500 

DM-231\ 

Typ. 

650 

Unit: mm 

,--

r-­
'hU ~ 
~ 

M·llS 

Ta=25°C 
Max. Unit 

mVp-p 

2.525 V 

15 % 

BOO (} 

88Z12·HP 
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Equivalent Circuit 

Basic Performance 
1) Operation principle 

v. 

Extemal magnetic field H 

/ 
/ 

Synthetic 

magnetic field (0)" " 

/ 

" 

/ 
/ 

/ 

" " 

, Vee 

vo 

• GND 

DM-231 

Various resistances change according to the direction of the 
combnied bias and external magnetic field_ 
i ) When the direction of the synthetic magnetic field is (a), 

RA, Rc : Maximum resistance 
Re, Ro : Minimum resistance 

i i) When the direction of the synthetic magnetic field is (b), 
RA, Rc Minimum resistance 
Ra, Ro : Maximum resistance 

Extemal magnetic field H 

Synthetic magnetic field (b) 

* Device internal structure 
(Back of mark face) 

Bias magnetic field 

2) Power supply pin and output pin 

, :====::d=L23~t b~=: 4 

9----------0 Vee 

t---<:?-w.--rv> ...... --O Out put 

O----...... -----oGNO 

3) Sensitivity direction 

Non-Sensitive 

f _ Sensitive 

R 
The ferromagnetic magnetoresistance element differs 
from the semiconductor magnetoresistance element and 
hole element in that it responds only to the magnetic 
field within the element's surface. It is not sensitive to 
the magnetic field perpendicular to the element 
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Basic Application 
Rotation angular detection 

H=18000 

--T-----,~--..,...- Magnetic field angle 8 

Handling precautions 
1) Most suitable magnetic field intensity 
When the external magnetic field is at H=180 Oe, rotation angle can be detected most effectively_ 

Out put 

H<18000 
H=lSOOe 

H>lSOOe 

----'-:...9;<'00-___ '---90'-.-- Magnetic field 

angle 8 

d231 k 
When the external magnetic field H < 180 Oe, output voltage shrinks. 
When the external magnetic field H > 180 Oe, the detection angle range shrinks. 
When the external magnetic field H< 180 Oe, the detection angle range be90mes larger. In regions other than 
-90' to +90', the magnetic field combined with the bias magnetic field, shrinks down, which is not advisable. 
Also, when the range to be detected is smaller than -90' to +90' it is more advantageous to turn to H >180 
Oe. 
2) External magnetic field direction 
With regards to the bias magnetic field, usage at other than ±90' should be avoided. That causes a decrease 
in the combined magnetic field intensity, that is not recommended. 

o 
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Magnetoresistance Element 

Description Package Outline 
DM·232 a magnetic sensor using magnetoresist· 

ance effect is composed of ferromagnetic material 
deposited by evaporation on a silicon substrate. It is 
suitable for angle of rotation detection. 

Features 
• Low magnetic field and high sensitivity: bridge 

type stands for large output voltage 
150mVp·p (Min) at Vee= 5V. H = 180 Oe. 

• Fitted with bias magnet: stable output. 
• High reliability: Achieved through silicon nitride 

protective film. 

Structure 
Ferromagnetic thin film circuit (With ferrite mag· 
net) 

Applications 
• Non·contact !lngle of rotation detection. 
• Contactless potentiometer. 

Absolute Maximum Ratings (Ta=2S'C) 
• Supply voltage Vee 
• Storage temperature Tstg 

Recommended Operating Conditions 
• Sup~ly voltage Vee 
• Operating temperature 

Marking 

232 
OJ 

Electrica I Characteristics 
Item Symbol 

Topr 

10 V 
-30to +100 'C 

5 V 
-20to+75 'C 

Condition 

0.4 ~ ~ 
~ 

Output voltage Va Vee=5V, H=1S0 Oe (Peak) 
AC magnetic field /1=0' 

Midpoint potential VA, VB Vee=5V, H=O Oe 

Midpoint potential I VA-VB I Vcc=5V, H=O Oe difference/Output voltage -V-o-

Total resistance RT H=1S0 Oe (Peak) 
AC magnetic field /1=0' 

- 324-

Min. 

150 

2.475 

500 

DM-232 I 

Typ. 

650 

Unit: mm 

-

.~ 
~-

M-llS 

Ta=25'C 

Max. Unit 

mVp-p 

2.525 V 

15 % 

SOO n 

88Z13·HP 



Equivalent Circuit 

Basic Performance 
1) Operation principle 

v. 

DM-232 

t Vee 

3 GND 

Synthetic magnetic field (a) 

Bias magnetic fild / 
H=1800e / 

/ 
/ 

/ 

/ 
/ 

/ 

Synthetic magnetiC;;/.~ZZZ2§a~~~~~-{) 
field (b) '" 

, 
External magnetic field H 

* Device interna I structure 
(Back of ma rk face) 

External magnetic field H 

Various resistances change according to the direction of the 
combnied bias and external magnetic field. 
i) When the direction of the synthetic magnetic field is (a), 

RA, Rc : Minimum resistance 
Re, Ro : Maximum resistance 

i i) When the direction of the synthetic magnetic field is (b), 
RA, Rc Maximum resistance 
Re. Ro : Minimum resistance 

~ magnetic field '~' 
4 ~ t 

2) Power supply pin and output pin 

2 =: :=::I~J=c=k = 

0-----------0 Vee 

~D-w.__.__l/>-+--<>Out put 

O----~-----oGND 

3) Sensitivity direction 

Non-Sensitive : ., 
------- SensItive 

R 
The ferromagnetic magnetoresistance element differs 
from the semiconductor magneto resistance element and 
hole element in that it 'responds only to the magnetic 
field within the element's surface. It is not sensitive to 
the magnetic field perpendicular to the element. 
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Basic Application 
Rotation angular detection 

Out put 

H=1800e 

---'-------''Ir------'-r--- Magnetic field 
angle 8 

Handling precautions 
1) Most suita ble magnetic field intensity 
When the external magnetic field is at H=180 De, rotation angle can be detected most effectively. 

Out put 

,=: ===*=I~~k= __ ----'-_---'~-....:9rO·-- Magnetic field 
-90· angle () 

When the external magnetic field H< 180 De, output voltage shrinks. H>180 o. 

When the external magnetic field H > 180 De, the detection angle range shrinks. 

H<180 Oe 

H=180 Oe 

When the external magnetic field H< 180 De, the detection angle range becomes larger. In regions other than 

-90' to +90', the magnetic field combined with the bias magnetic field, shrinks down, which is not advisable. 
Also, when the range to be detected is smaller than -90' to +90' it is more advantageous to turn to H > 180 

De. 

2) External magnetic field direction 
With regards to the bias magnetic field, usage at other than ±90' should be avoided. That causes a decrease 

in the combined magnetic field intensity, that is not recommended. 

o x 

~,:=~~U~~= 
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Magnetoresistance Element 

Description Package Outline 
DM·233 a magnetic sensor using magneto resist· 

ance effect is composed of ferromagnetic material 
deposited by evaporation on a silicon substrate. It is 
suitable for angle of rotation detection. 

Features 
• Low magnetic field and high sensitivity: bridge 

type stands for large output voltage 
150mVp·p (Min) at Vcc=5V. H=180 Oe. 

• Fitted with non magnetic ferrite: Usage possible 
with magnetization in desired direction or inten· 
sity. 

• High reliability: Achieved through silicon nitride 
protective film. 

Structure 
Ferromagnetic thin film circuit (fitted with non 
magnetic ferrite) 

Applications 
• Non·contact angle of rotation detection. 
• Contactless potentiometer. 

Absolute Maximum Ratings (Ta=2S'C) 
• Supply voltage Vcc 
• Storage temperature Tstg 

Recommended Operating Conditions 
• Supply voltage Vcc 
• Operating temperature T opr 

Marking 
® c:::::?! 

Lot No. 

233 
IT] 

Electrical Characteristics 
Item Symbol 

10 
-30 to 100 

5 
-20 to 75 

c:::J <D 

@ 

Condition 
Vcc=5V, H=180 Oe 

V 
'C 

V 
'C 

Output .voltage Vo (Revolving magnetic field) 

Midpoint potential VA, VB Vcc=5V, H=O Oe 

Midpoint potential I VA-Va I Vcc=5V, H=O Oe difference/Output voltage Vo 

Total resistance RT H=180 Oe 
(Revolving magnetic field) 

OA 

2 4 

Min. 

150 

2.475 

500 

DM-233 I 

Unit: mm 

,---

::l go+! 
... ~ ~ 
~ N 

-
Q,U E.§ 

~ 

1.1-11 a 

(Ta=25'C) 
Typ. Max. Unit 

mVp-p 

2.525 V 

15 % 

650 800 0 

. . 
Note) These characteristics apply to the condition before non magnetic fernte IS bound . 

81116·HP 

-328-



Equivalent Circuit 

Basic Performance 
1) Operation principle 

v. 

1 Vee 

3 GND 

Synthetic magnetic field (a) 

Synthetic magnetic field (e) 

* Device interna I structure 
(Back of mark face) 

2) Power supply pin and output pin 

DM-233 

Various resistances vary according to the derection of the 
synthetic magnetic field formed by the external and the bias 
magnetic field formed by ferrite_ 
i) When the direction of the synthetic magnetic field is (a), (c) 

RA, Rc : Minimum resistance 
Re, Ro : Maximum resistance 

i i) When the direction of the synthetic magnetic field is (b), (d) 
RA, Rc Maximum resistance 
Re, Ro : Minimum resistance 

3) Sensitivity direction 

Non-Sensitive 

: - Sensitive 

o-----------oVcc R 

+-O--w.-t""'-L;;~--<l Out put 

0------------0 GND 

The ferromagnetic magnetoresistance element differs 
from the semiconductor magneto resistance element and 
hole element in that it responds only to the magnetic 
field within the element's surface. It is not sensitive to 
the magnetic field perpendicular to the element. 

- 329-

I 



SONYQ!) 

Out put 

Example of synthetic magnetic field 

Synthetic magnetic field 
Bias magnetic field 

__ -,-__ -#--__ --L __ Synthetic magnetic r'J: 
field angle 8 It) External magnetic field 

Handling precautions 
1) Bias magnetic field 

DM-233 

With DM-233 the bias magnetic field can be set in the desired direction and intensity. (In DM-231 and DM-232 
the bias magnetic field is already applied. See Fig. below) 

+ Bias magnetic field 
I 180 De 

Bias magnetic field 
180 De -

.=: ~~~b= 
To stabilize the output set the bias magnetic field at an intensity where the element is sufficiently saturated 
(150 Oe and over) 

2) Relation between bias magnetic field and external magnetic field 

o x 

':=~~J:::::::b= 
External magnetic field ~ 

Bias magnetic field 

External magnetic field 1 
Bias magnetic field 

To stabilize the output keep the angle between the bias magnetic field and external magnetic field to 90· or 
below. (to increase the intensity of the synthetic magnetic field.) 

3) When the bias magnetic field is not necessary 
Better not use the ferrites without magnetizing. The external magnetic field (signal magnetic field) is absorbed 
to ferrite and cannot be applied effectively to the element. When the bias magnetic field is not necessary, use 
the DM-230, a type without ferrite. 
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Note) Indicates the characteristics in a condition before the ferrite is bonded. 
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6) Photo Diodes 

Type . Package Features Page 

lT339 SP SOP • CD pickup, Silicon PIN photodiode 335 
• High sensitivity S=O.5A/W 

PHDOO3 SP SOP • Pattern custom compatible (max 6 split elements) 337 

- 334-
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CD Optical Pickup Photodiode 

Description 
1 T339 is a photodiode developed for use as a light 

receiving element for CD optical pickup and is adapt­
able for the astigmatism focus servo and 3-spot 
tracking servo systems. 

Structure 
Silicon PIN photodiode. 

Applications 
CD optical pickup. 

Absolute Maximum Ratings (Ta=25'C) 
• Peak reverse voltage VR 30 V 
• Junction temperature Ti 100 'C 
• Storage temperature Tstg -40 to +100 'c 

Electrical Characteristics 

Packa e Outline 

Item Symbol Condition 

Forward voltage VF IF = 10 rnA 

Dark current 10 VR = 15 V 

C, VR = 15 V.! = 1 MHz Note 1 
Inter-pin capacitance 

Cz VR = 15V.! = 1 MHz Note 2 

Sensitivity S A = 780 nm 

Min_ 

2.8 

3.4 

0.40 

Notel 1. Capacitance between each of devices A, B, C, 0 and cathode. 
2. Capacitance between cathode and device E or F. 

- 335-

1T339 I 

Unit: mm 

PO-s-6 

Typ. Max. Unit 

1.2 V 

4.0 nA 

3.8 4.8 pF 

4.4 5.4 pF 

0.50 0.60 AfW 

I 

E89869-HP 
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Acceptance Pattern Diagram 
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CD Optical Pickup Photodiode 

Description Package Outline 

.OA 
5.0- 0,1 

PHD003 is a photo diode developed for use as a 
light receiving element for CD optical pickup and is 
adaptable for the astigmatism focus servo and 
3·spot tracking servo systems. ,lll 

Features 
o High sensitivity: 0.5A/W (Typ.) 

at .:t=780nm, VR=15V 
• Allow the light receiving pattern to be tailored to 

the customer's specific requirements. Note that 
the minimum line width of insensitive band is 5Jlm. 

B 
C 

7 

('~ 

Structure 
:::'1 

Silicon PIN photo diode 

Absolute Maximum Ratings (Ta=25"C) 1 

• Peak reverse voltage VR 30 V 

2 
F 

• Junction temperature Ti 100 "C 
o Storage temperature Tstg -40 to +100 "C 

Electrical Characteristics (Ta = 25"C) 

Item Symbol Condition 

Forward voltage VF IF=10mA 

Da rk cu rrent 10 VR=15V in the dark 

Cl VR=15V. f=lMHz *1 
Inter·pin capacitance 

C2 VR=15V, f=lMHz *2 

Sensitivity S .:t = 780nm, VR= 15V 

0 
6 

I 

3 , B 

Note * 1) Capacitance between each of device A, B, C, D and cathode. 
* 2) Capacitance between cathode and device E or F. . 
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Min. Typ. Max. Unit 

1.2 V 

4.0 nA 

2.8 3.8 4.8 pF 

3.4 4.4 5.4 pF 

0.4 0.5 0.6 A/W 
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Acceptance Pattern Diagram 
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Sony Component Products Company 
Sales Offices 

Area Office Address Phone Fax 

Southwest 10833 Valley View Street 714/229-4442 714/229-4333 
Cypress, CA 90630-0016 

Northwest 655 River Oaks Parkway 4081944-4314 4081433-0834 
San Jose, CA 95134 

Central 1200 N. Arlington Heights Road 7081773-6072 7081773-6068 
Itasca, IL 60143 

Southeast 1 Copley Parkway, #206 919/380-0786 919/467-2963 
Morrisville, NC 27560 

Northeast 85 Wells Avenue 617/630-8812 617/630-8890 
Newton, MA 02159 

Canada 411 Gordon Baker Rd. 4161499-1414 416/497-1774 
Willowdale, Ontario M2H 2S6 ext.=2325 

Sales Representative Offices: 

Alabama: Rep, Inc., 2051881-9270 
Alaska: Sony, 4081432-0190 
Arkansas: B-P Sales, 2141234-8438 
Arizona: Reptronix, 6021230-2630 
California: (San Diego) Addem, 619n29-9216 

(Los Angeles) Varigon, 8181594-5089 (Cameras) 
(Los Angeles) HT Sales, 714/583-1488 (Semi) 
(Bay Area) Brooks, 4151960-3880 
(Sacramento) Brooks, 9161676-2025 

Colorado: Electrodyne, 3031695-8903 
Connecticut: Tech Rep, 617/272-5965 
Delaware: S-J Assoc., 7031533-2233 
District of Columbia: S-J Assoc., 7031533-2233 
Florida: Sigma, 813n89-5522 
Georgia: Rep, Inc., 404/938-4358 
Hawaii: Brooks, 4151960-3880 
Idaho: (South) Electrodyne, 801/264-8050 

(North) Northwestern Component, 2061828-2104 
Illinois: (North) Micro-Tex, 7081765-3000 

(South) Sony, 7081773-6072 
Indiana: Giesting, 317/844-5222 
Iowa: J.R. Sales, 319/393-2232 
Kansas: Sony, 7081773-6072 
Kentucky: Giesting, 6061873-2330 
Louisiana: B-P Sales, 2141234-8438 
Maine: Tech Rep, 617/272-5965 
Maryland: S-J Assoc., 7031533-2233 
Massachusetts: Tech Rep, 617/272-5965 
Michigan: Giesting, 3131478-8106 
Minnesota: Vector Sales, 6121631-1334 
Mississippi: Rep, Inc., 2051881-9270 
Missouri: Sony, 7081773-6072-
Montana: (East) Electrodyne, 801/264-8050 

(West) Northwestern Component, 2061828-2104 
Nebraska: Vector Sales, 6121631-1334 

Nevada: (North) Brooks, 415/960-3880 
(South) Reptronix, 6021345-4580 

New Hampshire: Tech Rep, 617/272-5965 
New Jersey: (North) S-J Assoc., 5161536-4242 

(South) S-J Assoc., 609/866-1234 
New Mexico: Reptronix, 505/292-1718 
New York: (Metropolitan) S-J Assoc., 516/536-4242 

(Upstate) Tri Tech, 7161385-6500 
North Carolina: (East) Rep, Inc., 919/469-9997 

(West) Rep, Inc., 704/563-5554 
North Dakota: Vector Sales, 6121631-1334 
Ohio: (Cleveland) Giesting, 2161261-9705 

(Cincinnati) Giesting, 5131385-1105 
Oklahoma: B-P Sales, 214/234-8438 
Oregon: Solsten Microelectronics, 5031620-3285 
Pennsylvania: (East) S.J. Assoc., 609/866-1234 

(West) Giesting, 4121828-3553 
Puerto Rico: D. K. Marketing 809n65-5380 
Rhode Island: Tech Rep, .617/272-5965 
South Carolina: Rep, Inc., 7041563-5554 
South Dakota: Vector Sales, 6121631-1334 
Texas: (Austin) B-P Sales, 5121346-9186 

(Dallas) B-P Sales, 214/234-8438 
(Houston)B-P Sales, 713n82-4144 
(EI Paso County) Reptronix, 5051292-1718 

Tennessee: Rep, Inc., 6151475-9012 
Utah: Electrodyne, 801/264-8050 
Vermont: Tech Rep, 6171272-5965 
Virginia: S-J Assoc., 7031533-2233 
Washington: Northwestern Component, 2061828-2104 
West Virginia: Giesting, 5131385-1105 
Wiseonsin: (West) Vector Sales, 6121631-1334 

(East) Micro-Tex, 4141542-5352 
Wyoming: Electrodyne, 801/264-8050 



Distributor Offices: 
Alabama: New Jersey: 

Huntsville Marshall,205l881-9235 Clifton Vantage, 201n77-4100 (Semi) 
Arizona: Fairfield Marshall, 201/882-0320 

Phoenix Marshall, 6021496-0290 Elmwood Park Phase 1, 201n91-2990 
California: Mt. Laurel Marshall, 6091234-9100 

Los Angeles Milgray, 8051484-4055 Mar~on Milgray, 609/983-5010 or 800/257-7111 
EI Monte Marshall,8181307-6000 Mar~on Western Micro, 609/596-7775 
Ft. Valley Bell Micro, 7141963-0667 (Semi) Parsippany Milgray, 201/335-1766 
Saratoga Western Micro, 40Bn25-1660 New York: 
Irvine Marshall,7141458-5395 Binghamton Marshall, 607n98-16 I 1 
Irvine Milgray, 714n53-1282 Farmingdale Milgray, 516/420-9800 or 8001MILGRAY 
Los Angeles Marshall, 8181878-7000 Long Island Marshall, 5161273-2424 
Los Angeles Western Micro, 81 Bn07-0377 New York Chori America, 2121563-3264 (Cameras) 
Milpitas Bell Micro, 408/434-1150 (Semi) N. Lindenhurst Phase 1,516/957-4900 
Orange Western Micro, 7141637-0200 or Rochester Marshall,7161235-7620 

81 8/356-0180 Pittsford Milgray, 716/834-9405 
Sacramento Marshall, 9161635-9700 Smithtown Vantage, 516/543-2000 (Semi) 
San Diego Aegis, 619n29-2026 North Carolina: 
San Diego Marshall,6191578-9600 Raleigh Marshall, 9191878-9882 
San Diego Western Micro, 6191453-8430 Raleigh Milgray, 919n90-8094 
San Jose Merit, 4081434-0800 Ohio: 
San Francisco Marshall, 4081942-4600 Cleveland Marshall, 2161248-1788 

Colorado: Cleveland Milgray, 216/447-1520 or 800/321-0006 
Denver Marshall,303l451-8444 Columbus Marshall,6141891-7580 

Connecticut: Dayton Marshall,5131898-4480 
Danbury Phase I, 2031791-9042 Oklahoma: 
Milford Milgray, 2031878-5538 or 800/922-691 I Tulsa Marshall,9181622-7151 
Wallingford Marshall, 2031265-3822 Oregon: 

Florida: Beaverton Western Micro, 5031629-2082 
Deerfield Vantage, 305/429-1001 (Semi) Portland Marshall, 5031644-5050 
Ft. Lauderdale Marshall, 3051977-4880 Tigard Daitron, 5031620-2879 (Cameras) 
Orlando Marshall,407n67-8585 Pennsylvania: 
Tampa Marshall,8131573-1399 Pittsburgh Marshall, 4121788-0441 
Winter Park Milgray, 407/647-5747 or 800/432-0645 Texas: 

Georgia: Austin Marshall,5121837-1991 
Atlanta Marshall, 4041923-5750 Dallas Marshall,2141233-5200 
Norcross Milgray, 4041446-9777 or 800/241-5523 Dallas Milgray, 2141248-1603 or 800/637-7227 

Illinois: Dallas Industrial Vision, 800/627-6734 (Cameras) 
Chicago Milgray, 7081202-1900 Houston Marshall, 7131895-9200 
Chicago Marshall,708l490-0155 Houston Milgray, 7131240-5360 

Indiana: Utah: 
Indianapolis Marshall,317/297-0483 Sa~ Lake City Marshall, 8011973-2288 

Kansas: Sa~ Lake City Milgray, 801/261-2999 
Kansas City Marshall, 9131492-3121 Washington: 
OVerland Park Milgray, 9131236:8800 Redmond Western Micro, 2061881-6737 

Maryland: Redmond Merit, 206/869-7557 
Columbia Milgray, 301/621-8169 or 800/638:6656 Seattle Marshall,206l486-5747 
Columbia Vantage, 301n20-51 00 (Semi) Wisconsin: 
Silver Springs Marshall, 301/622-1118 Milwaukee Marshall,4141797-8400 

Massachusetts: ------------.. ------------ ..... _ .. --------..... _-... -----------------------------
Andover Vantage, 5081687-3900 (Semi) Canada: 
Boston Marshall,508l658-0810 Montreal Marshall,5141694-8142 
Burlington Western Micro, 617/273-2800 or Montreal Milgray, 5141426-5900 

800/345-2921 Ottawa Marshall, 800/465-6640 
Wilmington Milgray, 5081657-5900 Ottawa Milgray, 800/268-3315 

Michigan: Toronto Marshall,4161458-8046 
Livonia Marshall, 3131525-5850 Toronto Milgray, 4161756-4481 

Vancouver Marshall, 800/465-6640 
Minnesota: 

Minneapolis Marshall, 6121559-2211 or 1014 
Missouri: 

SI. Louis Marshall, 3141291-4650 




