Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

Amp with unbalanced step-up transformer: SN and gain calculations

OP1

ol

R3

.

G =—-=200 at 1 kHz
UO

1st gain stage -« 2nd gain stage

Fig. 1 Amp with warm transformer and data of JT-44K-DX-ds' datasheet & OP37G

Subscripts : 20k = 20Hz ... 20kHz ol = output 1 1 =1 Hz eg B, or = simple numbering

amp = warm Fig. 1 cld = cold ds = datasheet i, 0 =i/p, of referred

e = dB with 20log(...) m = measured n = noise density in sqrt(1Hz)

N = rms noise voltage in Byy, s = simulated tot = total wrm = warm
- 23 -1 — 18
T := 300.15K k= 1.38065-10 ~ V-As-:K By = 1Hz TOL := 10
fi= 10Hz,15Hz.. 100kHz h = TkHz ~ Bogy = 19980Hz Vi jom = 05107 2V Vg pom = 1V
0. Relevant transformer data :
Rp := 3.0Q2 Rs := 950Q RO := 002,0.5Q .. 40Q Ri:= 47-103Q
L
Lp:= 1.3H Ls:= 130H <= chosen for a flat n:= = n = 10.000
frequency response in By, Lp
1. First gain stage: calculated noise of the warm trafo network at room temperature :
Zin .= o R Zin = 479.500
o2
R Ri

Zingyy == Rp + Zingy, = 482,500 Q

n
Zouty(RO) := Rs + n°-(RO + Rp) Zout,,;(0Q2) = 1250.000Q

Zin
Gp(RO) = — p(0Q) = 0.994
RO + Zinyg;
Ri
8= T R Gs = 0.980
G1(R0) := Gs-Gp(RO)-n Gy = G1(00) Gy = 9740933
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Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

4-k-T-Bygy| (RO + Rp)-G1(R0)

2
Ri 2 [ Zoutyy(RO) (1)
R — | +Ri|{ —8M8M—
Zout;;(RO) + Ri Zout;(RO) + Ri
e (00) = 635.030 x 10~ v
N.oll.wrm - :

eN.o11.wrm(R0) :=

Simulation result with RO =0Q => eN.oll.wrm.s == 635.030-10 9V

0Q) = —0.000 [dB]

eN.oll.wrm(RO)J
D

eN.ol1.wrm.s e.wrm(

De wrm(RO) := 20- Iog[

3 JT-44K-DX-ds
RO Ideal

950
Rs
i11 o11
V1 /\/\/ Fig. 2
AC 1m 0 0 Ri Simulation schematic of
m the input network with
0 130 47k warm JT-44K-DX-ds
transformer
KiLpLs1

2. First gain stage: calculated noise of the trafo network at room temperature,
however, with a noiseless = cold transformer :

Zout,o(RO) T @)

2
_ e RO) := |4-k-T-Bon,-| RO-G1(RO)* + Ris| ———
= N.o11.cld(RO) 20k (RO) (Zouttot(RO) TR

-9
eN.oll.cId(OQ) = 102212 x 10 "V

Simulation result with RO =00 => ey 114 cjq.s == 102212:10° 2V

D c1q(00) = -0.000  [dB]

eN.o11.cld(RO)
€N.oll.cld.s

ecld(RO) = 20:lo g[

3 temp=-273. 15 JT-44K-DX-ds 950 temp=-273 15

Vi 0 Fig. 3
AC 1m0 Simulation schematic of
130 the input network with
0 cold JT-44K-DX-ds
K1 LpLs 1 transformer
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Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

3. First gain stage: deltas between the warm and cold situation = Worsening effect W of the
cold transformer vs. the warm one :

W, ,(0Q) = -15.866  [dB] ©)

eN.o11.cld(RO)
eN.o11.wrm(RO)

W, o(RO) := 20-Iog(

W, (10Q) = -3.281 [dB]

€
W g = 20-I09(MJ W ¢ = ~15.866 [dB]
eN.oll.wrm.s
We.S.lO = —3281 [dB]
W, ,(00) - W, = -0.000 [dB]
W, ,(100) - W, ¢ 19=0.000  [dB]
V(o1)V(i11
21.00B— e 3pe
AT B S S St

20.0dB+

19.5dB}-- -ttt _

b 2 Fig. 4
19.0dB—--4-4-154 —1.0 F (solid) & P
18.5dB—--1--1-r -0.5° (dotted)
18.0dB I | - n.0° responses of

100Hz 1KHz 10KHz Figs. 2& 3
4. First gain stage: graphs :
110 °
en 012 wrm(RO) Fig. 5

S 1-10 ° — 52&?2%”35?5 Yﬁ?ﬁ;ﬂ
ottt rms output noise

voltages, (1) & (2)

—7

1-10
0 5 10 15 20 25 30 35 40
RO
[ohm]
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Example: MCD-Worksheet 1

MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN
0
-2
—4
—6
— -8 .
% We o(RO) —10 Flg 6
-_ -12 Trace of equ. (3):
-14 Worsening of the
-16 cold transformer
-18 vs. RO
—20
0 5 10 15 20 25 30 35 40
RO
[ohm]

5. Second gain stage: gain and component data as of Fig. 1 :

R := 47-10°0 R1 = Ri R3:= 1-10°0
. _ Stot
Gyot = 200 Gond = 5, Gypg = 20.532
1st
R3 R3
Gopg = 1+ — RG:= ——— RG = 51.198Q
RG Gopg - 1

6. Amp complete: calculation of the noise voltages :

Note: OP27 & OP37 have 100% correlated input referred current noise sources !
Voltage & current noise data taken from AD's datasheet

6.1 Relevant resistance data from the 1st gain stage :

Zoutyo;(RO)-R1
3
Zoutyy(RO) + R1 Z; 101(0Q) = 1.218 x 10°Q

Zj 10t(RO) :=

6.2 Relevant noise data of the op-amps :

-9 . - 12
enjp = 3210 "V foe1:=27Hz i :=0410 A f. i1 = 120Hz

en.ir(f) = enjr-
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Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

6.3 Relevant resistance data and corresponding noise :

Rf o RG-R3
RG + R3

- 12
e, Rf = |4 K T-ByRf e, pf = 898.517 x 10~V

6.4 Noise voltage at the output of the warm Amp :

Rf = 48.705Q

’ B
1 -9
€n.012.wrm(R0) := €N 011 wrm(RO)- Boox en.oll.wrm(OQ) =4.493x 10 "V
Plus correlated current noise of the op-amps taken into account :
f,RO) : f)? 2 i (O (R 2 2 (4)
en.o.wrm(f>R0) = Gong-fen ja(f) "+ eq pe +ip j1(F) '(R + Zi.tot(RO)) + €n.012.wrm(R0)
e (h,00) = 115319 x 10" °V
n.o.wrm+ '
e (f,RO)
n.o.wrm\" > - 12
e wrm(fsR0) = ————— eniwrm(N-0Q) = 576593 x 10 "V (5)
tot
20000Hz
) 1 f 2 £ ( ) -9
eN.iwrm(RO) = | == (|en.iwrm(f.RO)|)"d eN jwrml0Q) = 81452 x 107 °V
1 J20Hz
20000Hz
) 1 £ 2 f ( ) — 6
en owrm(RO) = B (|en.o.wrm(f-RO)| )" d eN owrml0Q) = 16290 x 107 "V
20Hz

SN yrm(0Q) = -95.761  [dBV]

en.o.wrm(R0)
SN, yyrm (RO) = 20-log| ————"—
Vo.nom

Simulation result with RO =0Q => SN —95.761 [dBV]

o.wrm.s ==

SN 0Q) — SN ~0.000 [dB]

o.wrm( o.wrm.s —
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Example:
MC i/p transformer noise Amp with

unbalanced usage

JT-44K-DX-ds + OP37G

MCD-Worksheet 1
Calculations of
gain, W, and SN

—8

1-10
h i Wl’m(f 409) )
— Fig. 7
% en.iwrm(f>10Q) | 1570 F=—= Amp's
>, RO-dependent
en.i.wrm(f-0€) input noise voltage
densities vs.
frequency for RO =
1.10 10 00, 100, and 40Q2
' alaequ. (4
10 100 1.10° 1-10* 1.10° qu. (4)
f
[Hz]

7. Calculation: Amp's input and output referred noise voltage densities and SNs

- cold version of JT-44K-DX-ds :

€nRs = [4-k-T-Bl-Rs
2
RpSec =n"-Rp

en.Rp.sec = 4K T-B1-Rpgec

-9
€, Rs = 3.968 x 10~V

Rpgec = 300.000 Q

9

enRp.sec = 2230 x 107"V

2 2 2 2 .2 2
en.o.cld(f,R0) := \/en.o.wrm(f»RO) - (en.Rs * €n.Rp.sec )'Gan ‘Gs -Gp(RO)

-1
en.i.cld(f>R0) := en g ¢1q(f,RO)-Gypy

| (29000Hz
2
*N.o.cld(R0) = B_'J (|en.o.cia(f-RO)|) df
1 J20Hz
20000Hz
2
eN.i.cld(RO) = J (|en.icla(f-RO)|)”df
20Hz
SN ¢1(RO) = 20-log| -1~
I nom
SN, o14(R0) := 20-log| 21T
Vo.nom

Simulation result with RO =0Q =>

SNo.cId(OQ) = SNg ¢lg.s = 0000

(6)

9

en.o.cld(haOQ) =70.784x 10 ~V

eniclg(h.00) = 353,918 x 107 2V (7)

eno.clg(00) = 9.989 x 107 °v

eN_i,C|d(OQ) =49.946 x 10 9v

SN; ¢1g(02) = -80.009 [dB]

SN ¢1q(022) = ~100.009 [dBV]

SN, cjg.s == —100.009 [dBV]
[dB]
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MCD-Worksheet 1
Calculations of
gain, W, and SN

Example:
Amp with
JT-44K-DX-ds + OP37G

MC i/p transformer noise
unbalanced usage

8. Amp's 2nd gain stage with input shorted to ground:
output referred noise voltage densities and SNs : g.._ 5

Rp:= 0Q R1:= 0Q
f): ) 2 i (H)RF2 h 9
en.0.2nd(f) == Gong-yen.ir(f) +enre +injr(f) R €n.0.2nd(h) = 68.330x 10 "V
20000Hz
— |2 £)[)? df — 9651 x 10 °V
®N.0.2nd = [F (|en.o.2nd( )|) eN.0.2nd = 9-691 x 10
1 J20Hz
. ®N.o.2nd Y
SNo,ang = 20-log| ———— SN ong = —100.309 [dBV]
0.nom
Simulation result with RO =0Q => SNg 2nd.s = —100.309
[dBV]
SNg 2nd = SNg.2nd.s = 0-000 [dB]
9. Current noise inmpact CNI at RO = 0RO :
CNI = SN ¢¢(02) = SN ong CNI = 0.300 [dB]
10. Amp graphs :
—90
—92
-04 //
SN R0O) 796
S 0.wrm(R0) -98 Fig. 8
[ —100 Traces of the
= -
= SNo c1d(RO) —18421 RO-dependent SN of
-106 the warm Amp vs. the
-108 cold one, derived from
—110 equ. (4) & (6)
0 5 10 15 20 25 30 35 40
RO
[ohm]

Worsening W of the output referred SN of the warm Amp versus the cold one :

W4 (RO) := SN g(R0) = SNy \yrm(RO) w,(10Q) = 2202 [dB] (8)
0
2 /—_—__
—4 Fig. 9
Wo(RO) 76 Trace of the
g_ _18 RO-dependent SN
= W, o(RO) -1 worsening W of the cold
- -14 Amp vs. the warm one,
~16 equ. (8) (red) plus trace
~18 of Fig. 6 trafo alone equ.
0075 10 15 20 25 30 a5 40 (3) (blk)
RO
[ohm]
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Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

11. Input referred RIAA equalized & A-weighted SNs :
1.259 . 1 ' 1 . 1

A(f) = ; - - 5
14 20.6Hz L, [107.7Hz L. [T8T9HZYT g f
f f f 12200Hz
2
. Jl + (27 1kH2-318.107 5] 3
RikHz = RqyHz = 101.030 x 10
6 )2 6 )2
1+ (2«n~lkHz~3180~10 s) N1+ (2~n‘lkHz«75-1O s)
2
Jl + (2n£.318-107 %) 1
R(f) = (RikHz) R(1kHz) = 1.000
6\ 6 )
1+ (2-n«f~3180‘10 s) N1+ (2«n~f-75«10 s)
. 20000Hz
2 2 2
B—lf ([eniwrm(®-RO|)=(AOD= (RO of ©)
20Hz
SNyyrm ariaa i(RO) = 20-log "
1.nom
. 20000Hz
2 2 2
B—f (Jen.i.cla(F-RO[)=(IADO D= (IR(E) ) of
1 J20Hz (10)
SNcId.ariaa.i(RO) := 20-log v
1.nom
Simulation result with RO =0Q => SNy ariaais0 = 83692 SNyyrm ariasi02) = ~83.692  [dB(A)]
Simulation result with RO = 10Q => SN, oo oo 40 = —81.911 SNwrm.ariaa.i(loﬂ) = -81.912 [dB(A)]
Simulation result with RO = 40Q => SN, 2ioo i < 40 = —78.976 SNwrm.ariaa.i(4OQ) = -78.978 [dB(A)]
-78
-79
—_ -80
I -81
= -82
g -83
S SNyyrm.ariaa.i(R0) -84
E— -85
f_f SNcId.ariaa.i(RO) _gg
D c—
= -88
< -89
g 90 Fig. 10
_g% Traces of the
-93 RO-dependent input
0 5 10 1520 25 30 35 40 referred warm &
RO cold SNs. (9) & (10)
[ohm]
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Example: MCD-Worksheet 1
MC i/p transformer noise Amp with Calculations of
unbalanced usage JT-44K-DX-ds + OP37G gain, W, and SN

12. Noise of the transformer with RO = 0Q and after special treatments :

f := 20Hz,25Hz .. 20kHz

=50
-55
20-log( e (f,0Q))+66
( n.o.wrm ) -60
20- Iog(en o.wrm(F-0Q)- R(f))+66 -65
- 20- Iog(en o.cld(f: OQ))+66 -70
) =75
= 20- Iog(en o.cld(f:09)- R(f))+66
-80
20- Iog(enowrm(f 0Q)-R(f)- A(f))+66 —g5
20- |og(en o. C|d(f,OQ)-R(f)-A(f))+66 -90
............ o
100 3 4 5
10 100 1-10 1-10 1-10
f
[Hz]

Fig. 12 Curves of the transformer noise after special treatments

Worsening = Delta red minus green at 1 kHz:

en.o.wrm(f-RO)
en.o.cld(f-R0)

W,(f,R0) := 20~Iog( W,(h,00) = 4239 [dB]
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