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MICROWAVE BRIDGE
FOR W-BAND EPR SPECTROMETER

Applications

The high-frequency bridge represents a multifunctional W-band transmitter-receiver module (TRM)
designed specifically for an EPR spectrometer operation. The TRM has Transmitter to form a probing signal at
the center frequency of 95.0 GHz with a power of 80 mW as well as the high-sensitive Receiver with double
frequency conversion for an EPR signal detection.

Being capable of either pulsed or CW operation, the system can be operated in several configurations.

If integrated into measuring equipment the TRM can be employed in scientific research.

System Description and Functional Characteristics

A simplified functional block diagram of the TRM is shown in figure 1. The system consists of several
main blocks: Transmitter, Receiver with double frequency conversion and the master oscillator (STAMO).

The STAMO produces coherent centimeter-wave driving signals (at about 7 GHz). IMPATT Active
Frequency Multipliers (AFM) with multiplication factor 13 for W-band are used to transfer driving signals into
millimeter wave frequency range. The transfer is realized in Transmitter channels and Receiver Local Oscillator
1 without a significant phase noise degradation. The TRM can be operated in an External Synthesizer configuration
to attain the best frequency stability and possibility of frequency adjustment.

Transmitter signal AM and four-level phase-shift keying (4PSK) are provided by means of High-Speed
PIN Switches driven by external TTL control pulses. Transmitter channel power gain is achieved using 3-stage
CW IMPATT Amplifier.

Receiver is designed on the basis of a double frequency conversion circuit and has two outputs that are
90 out of phase. The Balanced Mixer input of Receiver is protected with a High-Speed PIN Switch against direct
application of Transmitter output signal. Another High-Speed PIN Switch is installed at Transmitter output to
suppress Transmitter noise during a pause between pulses when the receiver measures EPR signal.

The principle of operation of the system is the following. Reference signal on the frequency 7.168 GHz
is divided on two signals on the Directional Coupler. One of the signal is used as a driving signal for Active
Frequency Multiplier (AFM), that multiply the frequency in 13 times. It is a signal of the first local oscillator
LOL. Another signal is shifted on an up-converter on the frequency of the reference crystal oscillator: Fo=1820/13
MHz (140MHz). Shifted frequency is multiplied on another AFM also in 13 times in Transmitter. The difference
between launched frequency and frequency of LO1 is equal of the frequency of the reference crystal oscillator
multiplied in 13 times (Fo*13). First intermediate frequency of Receiver is 1820 MHz. It is possible to install a
band pass filter, that is transparent for frequency of LO1 (Flo) and reject noises on the frequency Flo+1820 MHz.
That allows to achieve the expected thermal noise of Receiver (based on the mixer specification). Noise of LO1
is negligible in this case. The frequency of a second local oscillator is obtained from the frequency of the reference
crystal oscillator Fo multiplying it in 13 times, so the system operates with zero second IF. 1/Q detector is used

for measurements of both amplitude and phase of the received signal.
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STAMO

As mentioned above, the STAMO provides the coherent centimeter-wave driving signals for both
Transmitter and Receiver and operates in two configurations.

1. Internal Stabilized Oscillator Configuration. In this configuration, the TRM operates at a constant
frequency of 95.0 GHz. The system output frequency stability is determined by the stability of a Transistor
Oscillator at 7.168 GHz stabilized with a high-Q Dielectric Resonator.

2. External Synthesizer Configuration. In this configuration, the reference frequency signal (7.1680.004)
GHz is sampled from an External Synthesizer. The operating output frequency in the range of (95.00.05) GHz
and output frequency stability are determined by signal parameters of the External Synthesizer.

As one can see on figure 1, the STAMO forms the following signals:

The signal for driving Transmitter.
The center frequency is 7.308 GHz.
The signal for driving Receiver LO1.
The center frequency is 7.168 GHz.
The signal for driving Receiver LO2.
The center frequency is 1.82 GHz.
The signal for testing Transmitter reference frequency.

An interconnection scheme of the STAMO is shown in figure 2.

Transmitter

Transmitter channel is a converter-amplifier appliance that enables transferring the STAMO signal
at 7.308 GHz into the signal at 95.0 GHz without significant noise phase degradation and amplifying the last
one up to 80mW. Efficient frequency conversion is carried out by an IMPATT CW Frequency Multiplier with
a multiplication factor x13 and conversion losses no more than 16 dB. 3-stage IMPATT CW Amplifier provides
17 dB gain.

A current-controlled PIN Attenuator with attenuation range 0-40 dB is installed at the output of the
Transmitter. AM of Transmitter output is realized by 2-stage High-Speed PIN Switch 1 with isolation of 70
dB and switching time of about 1 ns. Two High-Speed PIN Switches connected in series allows to achieve
that value of isolation.

(0-90, 0-180) 4PSK of Transmitter channel output is carried out by means of two High-Speed PIN
Two-Level Phase Shifters.

To suppress the noise of amplifying stages during a pause between the pulses High-Speed PIN Switch
2 with suppression no less than 30 dB is included at Transmitter output. The output power no less than 80 mW
is supplied to Transmitter output flange.

Both High-Speed PIN Switches No.1 and No.2 are controlled by means of one driver with one

triggering input “AM” on the front panel. The total depth of AM of more then 95 dB is provided.

J



Receiver

Receiver is designed on the basis of a double frequency conversion circuit. The STAMO sends two
signals to Receiver: the driving signal for LO1 at 7.168 GHz and one for LO2 at 1.82 GHz. LO1 is IMPATT
CW Frequency Multiplier with a multiplication factor 13 that converts 7.168 GHz signal into the 93.18 GHz.
AM noise of the Multiplier is suppressed by means of Band-Pass Filter.

First local oscillator LO1 is switched off during the period when Transmitter launches the millimeter
wave pulse. It is provided by means of High-Speed PIN Switch No.4 (see Fig.1). It allows to reduce the leak
of launched signal on about 60 dB and prevent the saturation of Receiver.

An EPR signal enters the Balanced Mixer signal input through the waveguide input of Receiver. The
signal input of the Balanced Mixer is protected with High-Speed PIN Switch No.3. Switch provides 40 dB
isolation.

IF signal at 1.82 GHz amplified by a Low-Noise Preamplifier enters to the input of an 1&Q Detector.
The IF signal bandwidth is no less than 700 MHz. Receiver provides a noise figure no more than 12.0 dB and
a power gain of 30 dB with a video frequency bandwidth no less than 350 MHz.

An interconnection scheme of the TRM is shown in figure 3.

Product Design

The product is fabricated as a stand-alone unit with dimensions 470300 120 mm3. Transmitter
waveguide output and Receiver waveguide input are situated on the rear panel of the device. Input/output
waveguides are WR-10. Flanges are UG-387/U.

All controls are allocated on the front panel (see fig.4) of the device as well as the voltage supply
connector. The microwave coaxial connectors OSM (SMA) Jack are utilized for the application of control

signals

EPR SIGNAL OUTPUT 1 - first output of 1/Q detector.

EPR SIGNAL OUTPUT 2 - second output of 1/Q detector.

T PS ADJ - the manual adjustment of phase of signal transmitted.

RF TEST - (the left side of the panel) a part of the signal applied to Transmitter at about 7.308
GHz. Used only for test and control purposes.

EXT-INT - the operating configuration switch. "EXT" position corresponds to the External
Synthesizer configuration, "INT" position corresponds to the Internal Stabilized Oscillator configuration.

RF EXT IN - input for the signal of External Frequency Synthesizer at (7.1680.004) GHz.

TST ON - switch of thermostat system for the Transistor DRO at 7.168GHz.

REC CONT TTL GATE - Receiver open/close control connector.

TRANS CONT - a series of Transmitter control connectors:

AM TTL TRIG - AM triggering input (TTL).

2PSK TTL TRIG (0-180) - (0-180) 2PSK triggering input (TTL).
2PSK TTL TRIG (0-90) - (0-90) 2PSK triggering input (TTL).
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ATT CONTROL DC - the connector for Transmitter output to be attenuated by control DC.

OPER MODE

PULSE-CW - the TRM operating mode switch. The ""PULSE"" position corresponds
to the pulsed mode. ""CW" position corresponds to the CW mode of operation.

MEASUR-TUNING - the operating submode switch for switching between tuning mode and

measuring one.

Pulsed mode

In the pulsed mode, the TRM supplies AM modulated millimeter wave signal. The microwave pulse
length and period of pulse repetition are determined by the parameters of the TTL control pulses supplied to the
AM TTL TRIG input connector.

Opening and closing of Receiver is provided by TTL control pulses supplied to the TTL GATE input
connector. Transmitter AM and Receiver on/off switching are carried out by means of four High-Speed PIN
Switches (see block diagram, figure 1).

2-stage High-Speed PIN Switch 1 provides AM of Transmitter output with isolation of 70 dB.

High-Speed PIN Switch 2 with isolation of 30 dB introduces an additional depth of modulation of
Transmitter output and suppresses the CW IMPATT Amplifier noise of the transmit channel during a pause
between microwave power pulses as well.

High-Speed PIN Switch 4 turns off LO1 power on the period while Transmitter radiates the power. The
switching off the LO1 power prevents the saturation of Receiver and provides linear conditions of operation.

High-Speed PIN Switch 3 with isolation of 40 dB intended to be used to protect Balanced Mixer from
microwave pulses of Transmitter.

There is a logic and four drivers in the system which serve the proper order of switching on/off of all
High-Speed PIN Switches. Figure 5 shows a switching scheme for the High-Speed PIN Switches as a function
of the control signals derived from the External TTL Pulse Oscillator and supplied to the AM TTL TRIG and TTL
GATE control connectors.

The ""on™ Switch state corresponds to the minimum loss performance, while the *"off'* state corresponds
to the maximum isolation performance.

The TTL high (*"1") signal supplied to the AM TTL TRIG input connector results in Transmitter channel
power being emitted while the TTL low (*'0") signal supplied to that causes its power being suppressed.

Receiver is driven by the control signal entering the TTL GATE input connector, the TTL high ("'1"")
signal turning Receiver on and TTL low (*'0") signal turning Receiver off. However (as seen in figure 5, version
a), when Transmitter channel is emitting microwave power pulses, Receiver is always off irrespective of a signal
at the TTL GATE control connector. Receiver is on only for a case of Transmitter power being suppressed when
the TTL high signal enters the TTL GATE connector (version c). This prevents the possibility of the Balanced

Mixer failure.



While operating in the pulsed mode, it is possible to perform fast 4PSK of Transmitter output. The
TTL low or TTL high signal supplied to the 2PSK TTL TRIG (0-180) input connector results in 180 of phase
change of Transmitter output. The TTL low or TTL high signal supplied to the 2PSK TTL TRIG (0-90) input
connector results in 90 of phase change of Transmitter output.

The output pulse power of Transmitter channel can be attenuated by control current supply to the ATT
CONTROL DC input connector. Figure 6 shows the attenuation as a function of a control current.

The pulsed mode has two submodes: the measuring submode and tuning one.

In the measuring submode, High-Speed PIN Switches 1,2,3,4 are switched by the same scheme as
shown in figure 5. Turning on Receiver is delayed on 16, 24 or 32 ns relative to the end of Transmitter pulse.

The tuning submode is employed for the EPR spectrometer resonator being tuned. In this submode,
isolation between Transmitter and Receiver is intentionally reduced, which is achieved by switching High-
Speed PIN Switch 4 to the "on"" state, and as a result Receiver LO1 power enters the Balanced Mixer even

though for a case of Transmitter pulses being emitted.

CW Mode

In the CW mode, High-Speed PIN Switches 1,2,3,4 are in the “on” state, which corresponds to the
minimum loss performance. Because of this, Transmitter emits a CW signal with an output power of 80 mW.
Receiver is fully opened and Receiver protection alarm system is switched off.

Attention. Since Receiver protection alarm system is turned off in this mode it is not allowed
to supply Transmitter power output above 1 mW to the Balanced Mixer input so as to avoid its failure.

Operating Order

1. Supply the TRM with voltages by the power cable in accordance with a table of supply voltages.

Attention! The voltage of +12 V is allowed to be applied to the supply voltage connector
only after supplying the voltage of minus 12 V. Turning the supply voltages off should be performed in a
reverse order.

2. While operating in the Internal Stabilized Oscillator configuration, put the INT-EXT switch (the
right side of the panel) into the "INT" position (with the red indicating lamp lighted up).

Testing of Transmitter reference frequency of 7308 MHz can be carried out by connecting a frequency
meter to the RF TEST connector. The testing signal power at the RF TEST connector is about 1 mW.

3. While operating in the External Synthesizer configuration, supply the External Synthesizer signal
to the RF EXT IN connector. The signal frequency is within the range (7164-7172) MHz. The Synthesizer
power output 5-10 mW should be provided.

Put the INT-EXT switch (the right side of the panel) into the "EXT'™ position.

4. While operating in the pulsed mode, put the PULSE-CW switch into the "PULSE" position.



While tuning the EPR spectrometer resonator, put the MEASUR-TUNING switch into the "TUNING"
position.
While measuring, put the switch into the ""MEASUR" position.

The control signals should be supplied to the REC CONT and TRANS CONT connectors in accordance
with the section: Pulsed Mode.

Transmitter channel phase adjustment should be carried out by turning the T PS ADJ knob.

After double frequency conversion, the EPR signal detected by Receiver enters the EPR SIGNAL
OUTPUT 1 and EPR SIGNAL OUTPUT 2 connectors. The output signals at these connectors have 90 of phase
shift with respect to each other.

5. While operating in the CW mode, put the PULSE-CW switch into the ""CW" position and the
MEASUR-TUNING switch into the "MEASUR" one.

Transmitter channel phase adjustment should be carried out by turning the T PS ADJ knob.

After double frequency conversion, the EPR signal detected by Receiver enters the EPR SIGNAL
OUTPUT 1 and EPR SIGNAL OUTPUT 2 connectors. The outputs at these connectors have 90 of phase shift
with respect to each other.

Attention. Inthe CW mode, itis not allowed to supply Transmitter power output above 1 mwW

to Receiver input so as to avoid its failure.

Duty conditions
1. The product is to be incorporated in the EPR spectrometer and employed for in-door operation under
standard climatic conditions free of mechanical perturbations:
Ambient Temperature, C ......c.coocveviveviievieecee e 2510
Relative HUMIitY, %6 .....ccooevieie e 70
2. Attention! While transporting, storing, assembling, and operating, it is necessary to
preclude entering any particles (especially magnetic ones) into the waveguide channel so as to avoid the
product failure.
3. Warm-up time after switching on is 1 hour (max).

4. Continuous duty time is 8 hours.



supplement 1

Specifications
1. TRAMSMITTER
PULSE MODE
Infernal Mabilized Oscillafor Configuralion
Characteristic, urits Target Ileasured Value
1. Ctpnt frequency fixed, GH=z Q5.0 25.000
la. Imjection Locking Bandwidth, IWH= 100 +-130
2. Oatpnt frequency instability, kHz/h - = 100*
3. Omipndt spectral hnewadth at the lesel
-3dB, kHz - =1
4, Cratpnd powrer, W all 92
5. Omtptt povwrer attermation range, dB 4 70
fr. Delicroarane pulse duration at the lewel
3dB, ns
rnih 5 5
Ay continnons continmons
7. Panse duration between microwave
pulses, ns
rnih 10 10
Ay continmons continmons
&, Mlicrowsve power swicling time at
the level 0.10.9, ns 2 1
9. hlicrowave power suppression during a
panse between pulses, db - 25
10, Zwiaiching tome up to maamum
suppresslon level, ns - &
11. Accuracy of 150 deg phase shift
keying of ZPSEK for 950 GHz frequency,
deg - =1
12, Accuracy of 90 deg phase shift
keying of ZPSEK for 950 GHz frequency,
deg - =5
13, Switching tirne for 2P5KE, ns 5 5




14, Outpitt parasite B lewel for 2PSE,

dB - =02
* bfter 2 hours heating
2. TRANSWITTEER.
PULSE MODE
Exfarnal Synthesizer Configurafion
Characteristic, nrats Dleasured Value
1. Outprdt frequency, GHz 24,270 B4.935 Q5,000 Q5065 85130
2. Oufpn power, o'W 23 23 92 A1 =0
3. Mlicrowae power sUppression
during a panse between pulses, dB B5 Q5 25 Q5 Q5
f. Accuracy of 120 deg phase shoft
keving tor ZPSK, deg 3 2 =1 1 2
J. Oufpnd parasite AN lewel for
JPSE, dB =02 =02 =02 =02 =02
3. TRANSWITTEER
CH MODE
Characteristic, nrats Dleasured Walue
1. Cufpdt frequencyy, GHz B4.270 24935 25.000 Po065 85130
2. Cutpntt poweer, W 23 23 2 21 a5
4. RECEIVER.
4. I mterncl Sabilized Cscillator or External Synfhesizer Configurafions
i_haractenstic, nruts hleasured Walue
1. Inpntt signal frequency, GHz 84,270 B4.935 Q5.000 Q5065 85.130
2. Moise figure, dB 104 10.5 10.5 10.4 10.4
3. Power gain, dB 373 315 35 376 317
4. IF bardwidth, WHz 700
5. 3 dB wideo bandwidth, WIHz 350
4.2 Megsuremenids using exfernal mm-wave nolse source and IF noise melker
Characteristic, nrits Ivleasured Walue
1. IF frequency, GHz 1.452 182 2187
2. Hoise fizure, dB 11.4 10.5 11.2




3. Poweer gam, dB 365 215 351

5 TEAN=MITTEER. - RECEIVEER.

1. Total phase dnift - Sdegf15 runutes.
2. Ilarmal signal phase adjustiment
for transratter - rote than 360 deg (540 deg).

3. Discrete walues of Fecerrer protection tirne after eversy pulse of Transrtter for marks 1, 2, 3
arnoant to 14 ns, 17 ns, 20 re, respecttvely, the value of 14 ns being the minirmrn achiesable
mterlocking tuve.

6. 5OPPLY VOLTAGE AND DEAIN CURRENT PARANIETERS

supphy Yoltaze Dirain Charrent
Ul = +277+Y [1=12:024
-05%
U2 =+12Y £0.5V [2=204
U3 =-12V +0.5¥ [3=06 4

6. THE TTL CONTROL FITLSE PARAWIETERS

TTL high("1") (+24-+0 ¥
TTL low ("0 (0-+H.HV
Switching tiree 0102 = W o raore than 1 ns
Load resistance 50 ahen

7. REFERENCEDATA

1. The outpntt power at the connector BF TEST 15 dbhout 1.5 m'W.

2. The gt power that should be supplied by External Synthesizer to the connector BEF
EXT IN 1z (5-10) mW.

3. The ontpatt signal frequency of Transruatter 15 related to the mpndt signal frequency of
the External Symthesizer by the following relationshap:

F g TVHE) = [Fop s oo MVIHE) + 140] % 13,
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Cornponent

Designation Cormponent MHaroe
31 Transistor DREO
3 Feference Crystal Oscillator
Llzbd Transistor Power Arngphfier
W1-W3 IF Band Pass Filter
21 Llierostrip Divectional Coupler
L Llicrostng Power Dirvider
Fl Ivlarmal Adjust Coaaal Phase Shafter
El 558 Upcormeerter
Ed Dietector
W1 Frequency Iultpher =13
V1 Therraostat Cortrol Crrenit
VA, V3 Fegnlation Circuit
Bl owitch
E1 Coaxial Switch
1 Voltage Supply Connector
LA HR Connector 05T (SIIA )

Lizt of Component to Interconnection Scheme of

the STAMD (fig ).
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Compotient

Designation Component Name
Wial WWAE12 Waveguide Circulator
W 4-RATT S IMPATT CW Frequency Multiplier
WAV IMPATT CW Amplifier
WL WS High-Gpeed PIN Switch
WY1, WY High-Apeed PIN Two Level Phase Shifter
1 FIM Atteraator
al-=aT Dirver
Y1+¥5 Current Fegulator
W13 Wavegude Band Pass Filter
El Balanced Mixer
A2 Low Moise Preamphfier
A1 AT Transistor Power & mplifier
V12 Voltage Regulator and Control Circuit
X1 Voltage Supply Connector
i e Contector OBM (EMAY

List of Component to Interconnection Scheme of
the Transmitter-Receiver Module (fig.3).
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High-Speed
DRIVER  prv Switch

ITL INPLUT
STcGavAL
LEVEL CONNECTOR o W STATE

“1” | | TIL TRIG 4 Driver 1 W 1| “on”
ﬂ) AM LOGIC B Driver 2 W 2| “on”
e 2 Diriver 3 - 3| “off”
= TIL GATE B4 Driver 4 Hﬂm ! 4 | “off”

AM-1
A TTL TRIG Driver 1 mﬁ—?‘} 1| %en”
b) AM LOGIC ™ Driver 2 W 5| “an”
r.r.ﬂ'n TTL- GATE = DI’i‘JEI’ 3 W&'} 3 ‘C'ffw
il B Driver 4 49'} 4| off”

_ AM-1
“0” | TIL TRIG B Driver 1 W 1| “off”
) AM LOGIC = Driver 2 EM-E_H 2| “off”
r.r.ﬂ'n N T-IL GA'TE DI’%‘LFEI' 3 m g “':}ff“,
B Diriver 4 45% 4 oft’

AM-1
“ TTL TRIG B4 Driver 1 T 1| “off”
) L_aM LoGIC [P RMVer 2 s #1 2 [“of”
S TTL GATFE B Diriver 3 W a2 %on”
" B Driver 4 D} 4| “on”

Fig.5. Switching Scheme.




