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A dedicated polarizer spectrometer based on a self-developed duplexer and commercially available benchtop console is herein presented. The
spectrometer operates between 10-450 MHz, offers two transmit and one receive channel and handles both solid-state and liquid-state NMR
experiments.

SERS sensing in Cell Models SERS sensing in Cell Models NMR spectrometer for dDNP

Hyperpolarization of nuclear spins using dissolution dynamic nuclear
polarization (dDNP) leads to an increase of SNR in acquired NMR signals [1]. In
vivo metabolic spectroscopy [2] and imaging [3] benefited from the boost in
sensitivity leading to the development of commercial and home-built polarizer
systems [4].

Presented here is a dedicated polarizer spectrometer based on an integrated
self- developed duplexer and the commercially available Magritek Kea2 NMR
benchtop console.

Polarizer NMR spectrometer

The spectrometer operates between 10 MHz – 450 MHz and offers two
transmit and one receive channels. The console is paired with a Tomco
TwinPulse 400 amplifier to enable high power pulsed transmission up to 300 W
(55 dBm). A variable electronic receiver amplifier allows for optimum gain
control.

The duplexer consists of a Miteq LNA and T/R switch which
relies on PIN diodes and an exchangeable λ/4 cable. The
diodes are biased by an auxiliary switch driving
circuit controlled by a blanking signal.

The need for an NMR spectrometer

Switching transients 

Scattering parameters

RX →TX

The switch driver circuit applies a
biasing voltage to node Vbias in
response to blanking signals generated
from the backplane of the
spectrometer.

Four Macom MA4P504-1072T
PIN diodes are biased with ~700 mA through
multiple RF chokes.

TX → RX
Given bias conditions of Vbias= -15 V the diodes are reverse
biased within 1.5 μs. The observed voltage slope is attributed
to the 1.3 μH inductors used in the RF chokes.

Blanking Vbias
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RX → TX
When the blanking signal goes high (TTL) the diodes are forward biased 
within 0.75 μs.

TX →RX

The Kea2 and a Varian Direct Drive spectrometer 
were used to acquire 1H and 13C NMR signals for 
a 50 μL 4.5 M [13C]urea (5:4:1 glycerol-d5, D2O, 
H2O & 40 mM TEMPOL) sample in a 6.7 T 
polarizer.

Varian Kea2

1H 1636 483
13C 145 84

T/R Switch
The transmitter’s reflection coefficient S11 ,
probe to LNA insertion loss (S32) and transmitter to
LNA isolation (S31) are aquired at 71.8 MHz and
285.5 MHz using the appropriate λ/4 cables, while
the probe port was terminated with a 50 Ω load.

High frequency considerations >250 MHz
Skyworks SMP1340-075LF low capacitance crossed
diodes are used to limit the input to the LNA while
keeping S32 to a minimum. Parasitic inductance is
mitigated with parallel shunt PIN diodes to improve
S31.

The Varian Direct Drive spectrometer 
achieves greater SNR values due to a more 
capable analog-to-digital converter.   

SS-DNP measurement

Low noise amplifier
The Miteq AU-2A-150 LNA has a recovery time of 2 μs
and handles up to 13 dBm (CW) prior to saturating. It offers an average gain of
34.5 dB with a noise figure between 1.1-1.8 dB across the 10-450 MHz

bandwidth.
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