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327 MHZ AND 610 MHZ, LOW-NOISE, FET AMPLIFIERS

R. Harris and W, Lakatosh

I. Introduction

This report describes the construction and testing of a low-noise (approximately
0.4 dB noise figure or 28K noise temperature) GASFET amplifier designed for room
temperature operation., The amplifier is easy to construct, operates from a
single +8 to +15 volt supply, and provides approximately 33 dB gain.

Simultaneous noise and power match at the input is achieved by utilization
of feedback within the FET device. The power match requires that the output tank
circuit of the first FET be tuned to a higher frequency than the frequency for
best input match; this results in the gain peaking at a higher frequency than
input match. A broadband output match is achieved with a built-in attenuator pad.

II. 1Initial Assembly

After fabricating the circuit board, certain precautions must be taken to reduce
the possibility of oscillations due to ground loops on the surface of the board.
Short lengths of #22 tinned-copper wire must be inserted through the seven .031"
diameter holes in the circuit board. Solder both sides of the board and remove
excess Wire.

It is important throughout construction of this amplifier to use good quality
2% silver-bearing solder along with appropriate flux (see Parts List).

Mount the nine chip capacitors, carefully avoiding the application of excessive
heat. The 680 pF chip capacitor for the MGF-1412 source bypass should be mounted
with the capacitor's inner surface on a line with the outside etched surface on
the board. This is illustrated on NRAO Drawing No. A53201M013, detail C. The
680 pF chip capacitor for source bypass of MGF-1402 should have the outside
surface on a line with this etched surface (refer to detail C).

Next, mount all the D.C. bias components including the two R.F. chokes (L,
L,) which form a D.C. return on the amplifier input. Do not mount the source
resistors, transistors, or inductors (L3, Lu) at this point.

Place partially completed board into modified chassis (see NRAO Drawing Nos.
A53201M001 and A53201M002). Do not mount input and output connectors or feed-
thru bypass capacitor. Secure board to chassis rails using eight #2-56 screws.
Cut center pin and Teflon on SMA connectors as shown on NRAO Drawing No. A53201M003,
detail C.

Prepare inductors L, and Ly, referring to NRAO Drawing No. A53201M013. The
input inductor L, is eight turns, #26 AWG, .150" diameter, approximately .155"
long, formed as 3Shown in detail A. It is very important to wind this inductor in



a counter-clockwise direction (CCW). Inductor L, consists of eight turns, #26
wire, .150 diameter, .155" long, formed as shown in detail B. This inductor must
be wound in a clockwise direction (CW).

Prepare both transistors by cutting gate length to .050"; do not cut drain lead.

III. Final Assembly

Use one of the previously prepared MGF-1412 GASFET's and center the transistor
body between the two 680 pF source bypass capacitors (C2, C2). Precut the source
leads to allow a 50 to 100% overlap on the source bypass capacitors; then solder
leads in place. Place toroid core (FBl) on drain lead and position drain lead to
expose approximately .130" of length. Solder in place. The toroid core may be
fixed in place with a drop of GC Electronics Q-Dope, catalog #37-2.

Repeat above procedure using MGF-1402.

Place inductor L; into position assuring the coil is wound in a counter-
clockwise direction; then solder in place. At this time source resistor R1 may
be soldered along with resistor R6.

Inductor Ly may now be mounted, assuring the coil is wound in a clockwise
direction. Mount the inductor on an angle of approximately 45° with a line
through the center of the two transistors (refer to NRAO Drawing No. A53201MO13,
detail C). This completes the amplifier assembly.

IV. Testing

A scalar network analyzer similar to the Wiltron Model 560A will be necessary
for the next phase.

The object is to achieve a return loss greater than 15 dB over the band of
interest. For NRAQO's purposes, the passband was 312 to 342 MHz, and gain at mid-
band was approximately 33 dB.

The tuning elements available are the gate inductors (L3 Ly), the source
resistors (R Rg ), and the position of the first-stage source bypass capacitors.
Changing the center-to—center distance of C and C, provides some variation in
first-stage source inductance. The output attenua%or, provided to terminate the
second stage over a wide frequency range, can be used to set overall amplifier gain.

The gate inductors should be positioned close to the surface of the board.
Coils can be compressed or expanded, and their position relative to the board
surface can be varied while observing the return loss on the network analyzer.

If sufficient bandpass is difficult to attain, the source resistor may be
adjusted to produce slightly lower gain and slightly more bandwidth. If necessary,
the first—-stage source inductance may be varied by readjusting the center-to-
center distance of the source bypass capacitors.
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After the desired return loss and gain characteristics have been achieved,
the amplifier should be tested for any sign of high frequency oscillations.

The input should be terminated with approximately 20 ecm sliding short.
While varying the input source impedance, there should be no sign of instability.
The amplifier should be stable at all phase angles, terminated or unterminated.
The cover plate should be installed and securely fastened while testing.

The noise characteristics of this amplifier are rather broad. After proper
return loss and gain characteristics are obtained, no attempt should be made to
minimize noise temperature. The ultimate noise temperature is a function of the
particular input transistor chosen,

V. 610 MHz Amplifier

The materials and assembly procedures used for a 610 MHz amplifier are very
similar to that used for the 327 MHz, low-noise, FET amplifier described here.
The only changes required are to the input inductors L, and Ly of the first and
second stages; these are shown in attached drawings for both 327 MHz and 610 MHz.
The gain, noise temperature, and input return loss for both frequencies are shown
in Figures 1 and 2.



1) 327 MHZ.

©64:59.4

AMP .

#41 -

@8/19/86 TAV=26.1 TLO=E4.4 @&

298K.

349 GL=32.4 BH=35.6 T=,4=~

@y, lE 7 @,9,1E o5 @,4,1F #3 ¢,@,1E 83

1aaK

eK

273

L

hala P N .

i 4080B
LAY P .
-l
380B
g e
L ze0B

a8~

9 867B4 59T

FS5:sw1.8 98/19/86 ZERO=11.8 ADB=3I3 TF=298 -NDB=-.65

F,GHZ

« 275
@.285
B.295
b 305
@.315
@325
@.335
H.345
3. 355
B.365
@F.375

I ig_

1.

NOISE GAIN,DB

42. 6
36.7
2.4
29.9
27.9
26.3
25.9
25.4
24.4
25.9
26.1

)

26.6
28.1
29.9
31.3
32.8
I4.1
35.1
35.5
35.1
34.4¢
31.7

F,GHZ NOISE GAIN,DE
o.28 4p. 6 27.3
g.29 35.8 29.1
B.30 31.6 30.5
@31 28.8 32.9
@.32 27.8 33.5
@.33 25.3 34.5
@.34 24.4 35.5
@.35 24.5 35.3
B.36 24.9 34.7
3.37 25.1 33.1
@.38 B0 Betd

Noise Temperature and Gain Characteristies of 327 Mdz Amplifier.

4



e £S -
2 i
= H i S e
& - . N
i i H -
X LR ST § i e
< -
i L et g o A ¢
2 -
. ] -
. 4 o
: siac s i :
. -E :
- s
s - - .
3 - ® t e +
I 2 :
: .
- - £ -L
: ! : '
=3 & & . caden s S
=1 3 - . -
) 1 LI I ST

@72 28,5 14/86-84 ZERO=18.2 ADB=25 TF=308 -NDB=-.E5
F Gz GHIN,OE F.GHZ NOISE  GRIN.OR
LIEYS S 4l 9 24.5 ; > 2.y

-

= 4
B T za. ¢ EA s~ B 24.49
s T~ S+ e 2341 25 EF.A 23.3
. DHa 25.4 5 38.Y 258
L3EES 0 As.a 25.7 25 3R.z £5.4
« S ol 7L V.4 ZE.E
LEEAD 402 2h. 225 AV.34 26,5
. BAE e, 7 Fp- T = Z6. 4
LE11G 47 2F 25 in.4 271
LBV 27.3 E15Ah 289 Zé.a
222 T 2r. " mERas W9 T

G)o PRoZETope USING 327 CASE 5.5.-84

550 65°

Fig. 2. Noise Temperature and Gain Characteristics of 610 MHz Amplifier.



V- 111 xtpuaddy

|

16 2 3
MM I 1‘

2 3 4 6 7
b & slefine b ®oo oAb oo o b S Lt o

4

STAINLESS i ‘

NATIONAL RADIO AS'I"’IEEIIOMY OBSERVATORY

PROV 22 M=z T AMPLIFIC P,

UNLESS OTHERWISE
SPECIFIED DIMENSIONS Fe ASDY
INCHES WATERIAL: DRAWN BY: 15\ DATE: |2
TOLERANCES [OESIGNED BY: DATE:
ANGLES# FINIBH:
3 PLACE DEC.(xxx)d 'APPROVED BY: DATE:
2 PLACE DEC.(xx) % SHEET DRAWING EV. SCALE:
| PLACE DEC. (x)+ NUMBER s numeer: ADS DZOVAO™>




g°I11 XFpuaddy

KT HAL =

(%-32 THRI), C'BORE .25 DIA.

\ L .03 DP
‘\ [ ,092 TIA. THR!) o314 (B TIA « R2°

2 -HOLES RBoTw IWES \ |

" (D-BEENC THRI) 4 MHOLES
B ‘ BOTH FErks

INVCTES e
@ REWOK & 3= ¢ 980 I - 5= D/A. ‘?Af,ew
CHAS . BRELOTO-0T75-) EoTH ENLE

Y DEBIRRK INSIDE FIeE”
OF CHASSIS.

NATIONAL RADIO W OSERVATW1

PROY! Tmne:
Swzw onarest | 37 Mue FE | 327 Mrwz CHASSIS
lmus L o | C XTI C I
P i : ‘
SPLACE 08C.4mm)e .00 S LOVE
I DimI -2 s, Leeean. A5320/MOO! T TR,




v

HT.HAL ==

k#Z‘.’Fé NC THRU 4- HOLES

-~ -L—./ZS’
O —l e .250

e /25
ac
ceod o

[.750 -l , 435 |l
et — —\ - 2,740 — —

"-———-Evz-b'f: NC THRU, Z-HOLES

NATIONAL RADIO ASEIE&NOMY OBSERVATORY

PROJ: L
e e | 327 MHe F.E Rai
lms NATRRAL' g2 pa ORMIN B | Lt A |
aveLESS T - odl '
3Pace dec.mis - O blcliiinle APPROVED
L Puas e B1e -5 |wamen. '/ |mamn: A5320/M0O02 ™ [Tl




T =

pus

1

JTEM'A WITH DIELECTRIC

AN,

CENTER  CONDXKTOR

SHORTENET:

25

250 ]

P emmeemrs st - s

45 ormcoa )

,AS"’”mva-i

T wmeee oo S VUSRI

214 ;; 7L0% (REF)

204 (.c. JAr,K (REF)

'T—’Fif\‘

/TEr1 A

QUAW.

NATIONAL RADIO AS?RONONY OBSERVATORY

227 MW Y E
e

’J:)NUEL"DR, RE WM K

m‘ '4,") AJOITE




h T HALL §=

§ NVIRTER/HL: B2l AWEC ENAMIE L MIRTERML:: M2l ANG EMNAMEL
g
b & < TOROID CORE FO BE FIXED IN POSIIION
° WoTH QC E£LECTRON/CS Q-DOPE CHI NO,37-2.
-t
[ ]
b
LDETALL Q - COMPONENT LAY OUT
NATIONAL RADIO ASTleg{‘JOMY OBSERVATORY
v PROY: TITLE:
specneo oaensiow |32 7 #2048 FET| Conzrosten L arou7]
INGHES MATERIAL: ORAWN BY:23, /977705 JONTE 1. 7/ 57
* /\/07' 7'0 .S’G/P( é': Auoggslmct. FINISH!: DESRNED BY: DATE:!
£ PLAGE OES (i SWEET SRR et
| PLACE DEC. (x)& NUMBER, wuuser: 25320/ MOO), /[/O/l/é;L

/5'5

8 Fuee Tuen's

cew /50" L.D,
1
8 Ffoe Toews
DETHIL B - 2ND S;7/RCE DETHKL A - A7 STAGE

L /5E —--1

—




11
d°I1I1 XTpuaddy

HT HAL o,

106G DIA,. THRY
B Praces

2,150

—

nPLACES

17130

O3 DAL THRRY

NATIONAL RADIO AS]JE?ANOMY OBSERVATORY

UNLESS OTHERWISE
SPECIIED DIMENSIONS
ARE N
INCHES
A“Lllz y
DPLACE DEC. (a4 OO

£ PLACE DEC.(1s)a
| PLACE DfC. a}a

)

MHg [ AMPLIF1ER

FRONMT END DRILL DRALLIN

L)

OENNNED BY«

DATE|
OATEY

FINISH:
[SweeT
NUMOER

— jarvmoven v _|
e B5520 1 PO OI )

OATE:
JEALE:
.

MARAIAL '0&251“33\,0( ORAWN 8Y« §m | 10-29

K




WY ML famm

[44
9°11I1 XTpuaddy

L3
Ct *92?35'85
Ji 68pf J50DIA
INPUT
L
.22ph 22ph

ICl 9] LS cla
INSO60  -22ph 1000pf
| 78L0O5 y . +8 TO +15
L G L
— v J+U
o L L =
c4 R - . ci2
e8pt 28 ?3 68pf
_L AN |}
R2 I000pf |080pf D3 R7 _l_
4 —
R2 IN4099 I -_l: IN4099 5) = ne
= = FB2—= 47 J2
| ~mM © | |- AN < OUTPUT
L4 MGF 1412 Ci13 RS RIO
f
pt QR4 A AN 68p 130 130
200 J50 DIA
= R6 cio - -
I 75 I I 7db pad
c9 pa
- = = = = OUTPUT
3308+
AT 325MHZ
NOTES NOI?E’KTEMP MAX,

I.LALL RESISTORS 1/8W 52.
2.C2,C3,C9,CIO ARE 680pf.

UNLESS OTHERWISE
SPECIFIED OWENSIONS
ARE W
INCHES
TOLERANCES
ANGLES
B PLACE DEC.(asi}d

£ PLACE OEC.{ns) 2
| PLACE DEO. (n)e

NATIONAL RADIO ASTlegJIJOMY OBSERVATORY

327 MHZ FE

me AMPLIFIER
CHEMATIC

MATERIAL:

ORAWN BY!
OESONLO BY:

APPROVED ST

(T3]
NUMBER o

een: 3532015001

DATL
OATC:
DATE:




€1
H°III XTpuaddy

HT.HAL &

T
S50 I.D.

—

Cw

& Fuee 7ToRNS

DETAH/IL B - ND S7AGE

AIRTER/AL: ¥ 2L AWGC ENGMEL

CeCw

50" 1D,

—

& foce Toras

DETAIE A - /ST STAGE

PIATERIAL: ¥ 26 AWE £NANMEL

NATIONAL RADIO AS‘I;!EE”OMY OBSERVATORY

T /O IUE.FET| COMPONENTS

INCHE'S MATERIAL: ORAWN BV R /o vz ATE /7.7 7 -
TOLERANCES DESONED §Y: DATE:

ANOLES & FINISH:

3 PLACE otc.(‘-)u - APFROVED Y. v :::‘L'!

2 PLACE OEC.(m) & WEET DRANING I'i! : :

| PLACE DES. W) wuser, |woueen. £S5 320/M0/ % Mo NE




YT
I1°I11 XTpuaddy

H.T.HALL ¢

16

MM
e

‘ur:’funh:uzlLMnushtnhttﬁontch:‘i‘ﬁ“i"nihtnﬁlumhn;’!

venthiet e b

STAINLESS

4

Niban®

NATIONAL RADIO ASUE?{!OMY OBSERVATORY

UNLESS OTHERWISE

PROJ: Q o m H"z..

TE: AMPLIF IEeR.

SPECIFIED DIMENSIONS Fe._ DY
l:l%EHE‘S MATERIAL: DRAWN BY:_E\ DATE/\ 2.
TOLERANCES P DESRNED BY: DATE:
;';‘LLAE:!*DEC.(xu)t ' APPROVED BY: DATE:
2 PLACE DEC.(xx) SHEET DRAWING CALE:
| PLACE DEC. (x)+ NUMBER, numeer : ADBZOZ A0S




ST
111 XTpueddy

HT.ML o

ICI DI LS cl4
INSO60  22ph 1000pf
1768L05 ' K— AAAS +8 TO +15
(e
— . JU
o L L =
ca R3 - . ci2
68pt 20 ZR(? 68pf
in | W]
3 - 'Llo%% f 1088 f‘L D3 R7 _I_
L - R2 l P P ING L
o #26 AWG 150 N40%S T T IN4099 51 = no
Ji 68pt 4}5%R6:§ = T, fe2= Il a7 /E')%JTP T
INPUT > i% | Jgn — ©- c': 1'3, AN < U
C5 MGF 1412 RS RIO
L 2‘2‘2 a7pf Z R4 #2e s 68pf 130 130
22pn 3 22 J50DIA
= = = R6 cIo - -
%I a

NOTES
ILALL RESISTORS 1/78W 52.
2.C2,C3,C9,CI0O ARE 680pf.

NATIONAL RADIO ASTvRt&NOMY OBSERVATORY

o 6I0MHZ FE W'AMEéJHER
lml;s [warem: DRAwN oY OATE
{aneLees FINISH: oteee oY oaTE

APPROVED 8Y* OATE

ween: 853202 500!

————r—
SHELT
NUNSER,




9T
A°III xypuaddy

PaRTS LIST _ 32 7 MPHE, LOW NOASE, FET NP

ITEM

QUANTITY

REF.
DESIG.

DESCRIPTION

MFG.

DATE _ /Q-20 5 é REVISION

Sucer Lot 2

PART NUMBER

/ 3 L1,l2,43 | CHOKE, .22 u# Cam8/0N 50-3399-05-02-00
2. ¢ C1,Cs,C2,Ci3| CxrP Crpre/roR, &8 Pf, roomi, A7C 'Z;—-.e—éaokﬂsaa
3 | / L3 Wiee loowd /wo/CTOR | NBAO A53201M0O13
4 | / Y Res/sror,Carson Come 20, 5% Aiien-BeaoLeY| RCOSGFZ 20/
s | 4 C2,Cs,Ca,C0| CrsP CrrmerrorR, &80 FF, 100MILl ATC QTC-100-8-48]- I-FP
G / Q, FET MITsuBISH/ MGF-/14/12-//-O
72 |/ B,  |Resisrom Corson Omp /504,%u,58 ALen - Breaptel|RCos6F /51
8. | / Cs  |CwrP Cormcrrom, 4.7e5, roomit| ATC ATC-100-8.9R7D-PSpO
YA R4 Dy,D3 |D/0DE Zewer NMororoLA INGO99
.| 2 R3:Rs5 |Kasisror, Corgon Comp, 20, lyu Y Heeen - BendieY| B o056F200)
/. / Bq Zesssror, Corgan Comr,200n Yo, Sk Aeeen. Braoiey |RCOSGFZ0/S
/2, 2 Ce,C8 CorrerrolR, /000 PFf Ee/E PPA20NPO102JS0ON
/3. / Lq wire Uouwd /NOUCTOR | NCAD #5320//013
4| / Q2 FET MITSUBISHI | MGF-1d02
75 / Lo \KEsisror Cae8on Gomr, 754, %w, 575 Hecew - SrapceY ROOSGF 750J




L1

PARTS LIST,SZ Zm ‘Q& m:s& ézz M DATE éﬂzg &é REVISION

Swee] L2 of 3

ITEM |QUANTITY gggiG. DESCRIPTION MFG. PART NUMBER

/6. | / z; Kasisrok, Coesow Gmr, Sin, o, 5 Z| Hecaw: Sendesy | BCOSCFS70)
/7| 7/ %, R0 ([Brsisror Corson Come, /30~ Y, 5 B\ Hecen - Senvcer | BLo0S6F/31J)
/8 | 7/ ) Bsssrve,Cocgow Come, #7a, Ko, B\ Aeean - Sreaoce) \@eoscr ¢70J
79 | 7/ Ze, Karcoinrome, Veermee Narronae SemiConn| 78 LOS

20. 4 @3,Cu Carper/roR ./«f ELrE FP£/22150/04MIocL v
24| 7/ 2, D,o0p&, Sz NMoro®oc A INSO0G6O

22| / Crq Crrmarroe, Feeo- 7400 [/000F5 Speereum Conrrol FB3B102 Lo
23. | 2 FB, ,F8, | Core, Toeop M)icROMETALS T10-&

24. SowperR, 2% Srver Eesrv SNG2

2s. FLux, ZosiN LrquiD Kesrer gaZ-1-2-

26, Q-Dore , ForvsTyeene GQC ELECTRONICS| Crr Ab.37- 2.
a7. Ampesrrer Sememprre | JBAO B5320/500/
28, Cuiss/is, 827 mHEZ. NBAO AS320/mMo0/
289, Conwvecror, Fec/ork N RO F5320/MO0 3 |
30. At NVEAO 95320//002.




81

PARTS LIST 327 2242, Lo, Nos/SE FET 2A7F

DATE_ /0 20 - 8_(2 REVISION

£7 So

ITEM |QUANTITY ggglG DESCRIPTION MFG. PART NUMBER
3/. DrAwINGS, DRiLL NRAO As53201Poo !
32| / CHASSIS ComPAC s 70-075-/
33, Demw /NG, ComPoNenT Layour| NEAO F5320/M0/ 3
3¢ Aerework, RC. Soxrrp NEAO 45320/Q00/
35, L OGO V.t d% #5320/ L00/
36.| / LS, GrounD, % DA, H H Smird /268
37| 8 2-56 X Y’ Socker Hemo &P.Sé.eews'%§ -SMW/%SEZ;:;

38| &8 2-5¢X % Socxer Heno CarJcear f..- Merae Sceew fbovers

39. | ¢ 2-5¢ x %' Fiar Hewp Sceews, S.S.| fec- Mernt Seeso fopucrs

qgo.| ! J/ ConNECTDL, SMA /NPUT | OMAN/-SPECTRA |OSM-2/4CC

q/. | / Jz Con NECTOR SR OUTrPUT | pmN/- Sreereh | OSM-208CC
2. Comporser/rs (GlomKZ FeT) | NRAO A &5820/MOI

23.| / GO MYZ. Ampes rem Seper),| NCFAO B 3202500/




