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Abstract

The theory of noise and frequency conversion in two-diode mixers is presented. The diodes are assumed to have non-

linear conductance and capacitance, series resistance, and shot and thermal noise.

quency dependent skin-effect component. Any linear embedding
effect of the loop inductance in subharmonically pumped mixers.

Introduction

Recent results’ 2 have demonstrated that subharmon-
ically pumped mixers using an anti-parallel diode pair are
comparable in performance with single-diode fundamental
mixers, at least up to 100 GHz. The development of two-
diode mixers has mainly been empirical, largely because,
hitherto, no accurate theory of noise and frequency conver-
sion has been available.

Two circuit parameters in the subharmonically pump-
ed mixer are relatively easily controlled, namely: (i) the
inductance in series with each diode, which strongly affects
the loop currents, both small-signal and large-signal, circu-
lating through the anti-parallel diodes; and (ii) the diode ca-
pacitance. It was the need to understand the effects of these
parameters, and also the noise properties of two-diode mix-
ers that stimulated the work reported here.

The method of analysis of the two-diode mixer uses a
generalization of a recently published theory of single-diode
mixers® and is based on the fundamental small-signal con-
version theory of Torrey and Whitmer™ and the noise theo-
ries of Dragone” and Twiss

Small-Signal Analysis

Consider the two-diode mixer shown in Fig. 1. Each
pumped diode can be represented as a multi-frequency mul-
tiport network , connected to an embedding network which is
also a multi-frequency multi-port, as shown in Fig. 2. Re-
presenting the pumped diodes by their conversion admittance
matrices Y* and XB of size (N x N) and the embedding
network by its admittance matrix Y" of size (3N x 3N), the
complete mixer admittance X_M can be obtained by addition
of the separate admittance matrices, corresponding to par-
allel connection of the networks. Thus, partitioning YE in-
to nine (N x N) submatrices, and adding the diode conversion
admittance matrices
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All the small signal properties of the mixer can be deduced
from the mixer impedance matrix
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The series resistance can include a fre-
network is allowed. Computed examples are given showing the

The conversion loss from frequency Wy = Wy + kw

to the IF w is given by P
1
L = (4)
0,k M 2
4 IZ(C,O)(C,k)I Re[Y, ] RelY,]

where z%, 0)(C, k) is the element of ZM in the row corre-
sponding to the IF output port (C,0) in Fig. 2, and the col-
umn corresponding to the signal input port (C,k). Yj and
Y, are the signal source and IF load admittances, as shown
in Fig. 2.

The input impedance Zin seen by the source (or

load) admittance Y,

kis
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Noise Analysis

(5)

The shot noise in a periodically pumped diode exhibits
partial correlation between all frequency components separa-
ted by a multiple of the pump frequency wy. Dragone® has
shown that the properties of this noise are concisely descri-
bed by a noise-current correlation matrix having elements
corresponding to every pair of sideband frequencies. For a
two-diode mixer it can be shown that, although this partial
correlation is present in the shot noise of each diode, there
is no correlation between the shot noise of the two diodes*.
However, the noise in diode A is coupled via the embedding
network to diode B and vice-versa.

Thermal noise generated in the series resistances of
the diodes and in loss in the mixer mount can be represented
by equivalent noise current sources at each port of the 3N-
port embedding network. These noise current sources are
partially correlated, Twiss® has shown that for a lossy re-
ciprocal network whose admittance matrix is Y, the ele-
ments of the noise current correlation matrix are

N,
mn

4KT RelY_  ]4f . (6)

In characterizing our mixer, noise from the external signal,
image, and IF terminationg should be excluded. It is there-
fore convenient to define YT (WM€TM.) 44 the admittance
matrix of the embedding network with the appropriate source
and load conductances Re[Yk] = 0.

Consider now the following noise current sources con-
nected to the 3N ports of the whole mixer (Fig. 2): at ports
(A,k) shot noige from diode A and thermal noise from the
embedding network, at ports (B,k) shot noise from diode B

*
This will be shown in a paper to be published shortly.



and thermal noise from the embedding network, and at ports
(C, k) thermal noise from the embedding network only. The
noise current correlation matrix N (including both shot and
thermal noise) has the general element N(X, m)(Y, n) é

(81 §T* ) where &1 and 81
N N
Nx,m) Ny, m) (X,m) (¥, m)
the total (shot and thermal) pseudosinusoidal noise current
sources connected at ports (X,m) and (Y,n) in Fig. 2, From

the work of Dragone and Twiss it follows that

are

= E (unterm.)
N, my(a,my ~ 28 Iy 8+ 4KT R[YGE) ar - (7o
= B E (unterm. )
NB,m)B,n) =2 Inp 80+ 4T Rel:Y(B,m)(B, n) :]Af (7)

where Ig_n and II:?I—D are the (m-n)-th Fourier coefficients

of the large-signal currents in the diode conductances., For
all other combinations of values (A,B, or C) of X and Y
E (unterm.)
N = 4KT Re[Y ] f 7
(X, m)(Y, 1) &m)y,n | T
Let Zivé 0) denote the output row (C, 0) of matrix
bl
ZM . The equivalent (single-sideband) input noise tempera-
ture of the mixer is then
\T
M M
Z N Z
=C,0 = =HC,0
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M 2
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Results

The above theory has been used to compute the perfor-
mance of a number of subharmonically pumped and balanced
mixers. For want of space only two examples will be given
here, both subharmonically pumped mixers with the simple
lumped element circuit of Fig. 3. In example 1 the imped-
ance Zi, is zero at all frequencies above the signal and im-
age, while in example 2 Zj is a high impedance for these
frequencies. The performance is shown in Figs. 4 and 5 as
a function of the loop inductance Lg . The signal, pump, and
IF are at 103, 50, and 3 GHz, Up to the signal frequency
Zy, is 50Q), except at the IF where it matches the output im-
pedance of the mixer. The diode parameters are: Rg = 100,
Cy =T7fF, n=1.12, $=0.95V, y=0.5, i, =8x10 17 A,
In all cases the LO power was adjusted to give a rectified
current of 2 mA in each diode,

For each value of Lg, the conductance and capacitance
waveforms were determined using a modification"of the meth-
od described in ref. 7. The mixer performance was then
calculated using (4), (5), and (8). Terms up to the eighth
pump harmonic were included in Y** and Y, resulting in
size 27 x 27 matrices Y and 7z,
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The most interesting features of the results in Figs.
4 and 5 are the strong peaks in the conversion loss and noise.
These appear largely to be governed by the ringing of the cir-
cuit while the diodes are not conducting, The largest peaks
correspond to a second period of conduction because of a
resonance between the diode capacitance and loop inductance
near 2 wp, and the smaller peaks correspond to circuit res-
onances near higher pump harmonics; for the latter there is
usually no additional conduction period.
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