2 June 2005 Process and Systemfor Regulating MIIlineter Wave Power in a V
Band TR Mbdul e The invention relates to a process and a system fof y.. 2005
regulating the power of millineter waves in a V band TR nodul e according to
the precharacterising part of Claim1. The output power, particularly that
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France, under the designation CHS2190a, which to date has been used as a transmit-receive switch in

transceiver modules. The goal of the invention is to obtain regulation of the power with the above-
-specified features, making use of this or a corresponding switch.
According to the invention, this is achieved by the features récited in the characterising part of
Claim 1 and Claim 2.
By using the SPDT MMIC as an adjustable attenuating element, the desired transmission
‘power can be obtained and the spread of chip features can be compensated. It forms the basic
component for power adjustment (regulating element). Considerable savings are obtained from the
* double function of th;e chip.
The use of the second SPDT MMIC as power detector results in savings in view of the double
function.
The regulation of the power for t_hé entire TR module results in an overall increése in module
yield by compensation of the spread of chip features and temperature effects. The multiple use of the
SPDT MMICs as switch, attenuating element, and power detector provides the aforementioned

advantages.




function. The regulation of the power for the entire TR nodule results in
an overall increase in nodule yield by conpensation of the spread)qf.sHis
features and tenperature effects. The multiple use of the SPDT MM Cs as
switch, attenuating el enent, and power detector provides the aforenentioned
advantages. 1 2 June 2005 In accordance with an aspect of the present
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t he Q2dpariveipathi eheaieimafoetansmissionathé ot SBHTIMBECrsmvitak is wsndl asa vaiabébdtenuator
and the second SPDT MMIC switch is used as a detector for the output power, and an electronic unit to
control the output powelg wherein in the case of the SPDT MMIC having two switch arms, in switch
mode, an input power at the IN port can optionally be switched to the O1 or O2 port, and wherein, in a
mode as a variable attenuator, the O2 port is terminated in a reflection free manner and a variable
attenuation can be set between the IN and O1 port by variation of the supply voltage.

In accordance with another aspect of the present invention, there is provided a device to control
the power of millimeter waves for V-band TR module at a frequency in the range of 50 GHz and
higher, comprising: two SPDT (single pole double throw) MMIC switches for separating the transmit
and rececive path, wherein for transmission, the first SPDT MMIC switch is used as a variable
attenuator and the second SPDT MMIC switch is used as a detector for the output power, and an
electronic unit to control the output power, wherein in the ease of the SPDT MMIC having two switch
arms, on each switch arm, two parallel-connected diode pairs, respectively are connected between the

~ HF line and ground, and wherein, in operation as a power detector, one arm is blocked and the second
arm is switched via a bias voltage of 0 V to conducting, and further wherein the HF power flowing
through the latter arm is rectified at the diodés, and the measurable rectified voltage is used as a

measurement for the transmitted power.
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attenuation can be set between the IN and O 1 port by variation of the
~supply voltage. In accordance with another aspect of the present 'i%ﬁ?&éd%n’
there is provided a device to control the power of mllimeter waves
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port O2. For operation as a variable attenuating element, gate O2 is closed in reflexion-free fashion

and the switch path IN-O2 is open in the direction of flow. Between the gates IN and O1 a variable
attenuation between 3.5 and 25 dB can be set via the dc supply voltage (see Figures 4 and 5).
Figure 4 shows the external connections and the dc supply. The modes of operation are:
Switching operation:
Switch path IN-O1 in the ON state, switch path IN-O2 in the OFF state. Pads Al, A2:-2.5v;
pads B1, B2: 12 mA.
OFF state: switching path blocked;
ON state: switching path allows flow.
The external iroltage supply takes place via serial resistors of about 200 Q connected in series
with pads A1, A2, B1, B2. |
Detector operation:
Switch path IN-O1- as detector, switch path IN-O2 in the OFF state, Pads A1, A2: 0 v (1 k€ in seties
with the pads). Pads B1, B2: (.- 12 mA (corresponds to 0 - 4 v after 250 Q resistor in series).




circuit diagram In switching operation, the input power is switched at

port INeither to port O 1 or port 02. For operation as a variablfJ € 2005
attenuating elenment, gate 02 is closed in reflexion-free fashion and tZRe
switch path INO2 is open in the direction of flow. Between the gates IN

and 0 Dparsivn able vashbRNARGHABNP eiVBER:: 3- 5 and 25 dB can be set via the do
supply vol tage (see_ Fi %ures 4 and 5). Figure 4 shows the external
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. pads @nd respectlvely, A2 is a neasure of the passing power, as shown
in Fi gure 6. The voltage at pad A2 is used for neasuring the power. Power
can bdcdwneettinh andtvudtage supply:

Pads Al, A2:-25v
Pads B1, B2: control voltage applied through 250 € resistor in series.

hf configuration:

Measurement with wafertester at 58 GHz.

Input power at gate IN, output power at gate O2, gate O1 was terminated with a 10 dB attenuating
element.

Figure 6 shows the use of the SPDT MMIC as detector. The diagram shows the detector

voltage in dependence upon-the output power measured. The following applies:

dc connection and voltage supply:

Pads A1, A22: 0 v applied through 1 kQ resistor in series.

- Control voltage

Pads B1, B2: 12 mA.

hf configuration:
Measurement with wafertester at 58 GHz.
Input power at gate O1, output power at gate IN, gate O2 was terminated with a 10 dB attenuating

élement.



SPDT MM C in the range from3 dBmto < 10 dBm. Figure 5 shows the .
attenuation in dependence upon the control voltage. The follow ng ¥ g%{.é%%os
apply: dc connection and voltage supply: Pads A, A2: -2.5 v Pads

B2: control voltage applied through 250 ) resistor in series.
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is closed via anal og el ectronic neans. The desired output power level is
adj usted at the electronic neans via the nom nal value. Figure 7 sfhgusqihe
out put power neasured at the spectrum analyser in the case w thout

regul ati on (maxi num avail abl e power) and in the case of control (I Ult =5
dBm = const). 2 June 2005 Clains 1. Method to control the power of

mllimeter waves for a V-band TR nodule at a frequency in the range of 50
GHz and_hj gher, the nethod conprising the acts O . separating the
t r ansmi i@l and receiving path via two SPDT (single pole double throw)

‘MM C switches; for the transm ssion, using the first SPDT MM C switch as a

vari abl e attenuator and the second SPDT MM C switch as a detector for the
out putl. poMathodtulcdntrol ties poivenof nallimeteowiaves totta Yibanidrddimaduldhat @ont r ol of

t he out pu ower 1qQ, a defi vel,i.s achieved. 2. Devi.ce.to ntrol the
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range of P GHz and hi gher, conprising: two SPDT (single pole double throw)
di ode- based MM C switches for separating the transnmt and receive path;
wher ei n f opeparahirgihssiransmitting and recelgmoralivvia byg SER T Ginglepolgdaublayr i abl e

at - ten“atﬁ-{roxﬁpﬂll\hﬁesﬁiﬁﬁ%@d SPDT MM C switch is used as a detector for the
out put” power; ,anoj an electronic unit to control the output power. 3.
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2. Device to control the power of millimeter waves for a V -band TR module at a
frequency in the range of 50 GHz and higher, comprising:
two SPDT (single pole double throw) diode-based MMIC switches for separating
the transmit and receive path;
wherein for transmission, the first SPDT MMIC switch is used as a variable at-
tenuator and the second SPDT MMIC switch is used as a detector for the output

power; and an electronic unit to control the output power.

3. Device to control the power of millimeter waves for a V -band TR module at a
frequency in the range of 50 GHz and higher comprising:
two SPDT (single pole double throw) MMIC switches for separating transmit and
receive path;
wherein for transmission the first SPDT MMIC switch is used as a variable at-
tenuator and the second SPDT MMIC switch is used as a detector for the output
power; and
an electronjc unit to control the output power;
wherein in the case of the SPDT MMIC having two switch arms, in switch mode,
an input power at the IN port can optionally be switched to the 01 or 02 port, and
wherein, in a mode as a variable attenuator, the 02 port is terminated in a




wherein for transm ssion the first SPDT MM C switch is used as a variable
at- tenuator and the second SPDT M C switch is used as a det ectorzmgzb&e
out put power; and an electronic unit to control the output power; ereln
in the case of the SPDT MM C having two switch arns, in switch node, an

i nput power at the IN port can optionally be switched to the 01 or 02 port,
and wherein, in a node as a variable attenuator, the 02 port is term nated
inab 2 June 2005 reflection free manner and a variabl e attenuati on can be
set bet weerreflibetionNresnmhanfér ard & vhayiablerattehuatiorotari be setipgiiveendhe Hgand4.

‘Device to c ntrlc_}lt the.gﬁower of mllinmeter waves for a V -band TR nodul e at

a frequencyiPRTEYVariaYgR chthesyRaly Vallag9eni gher, conprising, two SPDT
(single pole double throw) MM C switches for separating the transmt and
receive path; wherein for transmssion, the first SPDT MM C switch is used

as a vari aDegicedd conyeltthe panér bRmilipeastdvavds FoMANCHaNIITR medulks aela as a
detector faor the output power:; d an electronic unit to control the

an ¢
out put pomérreguan‘émtheiran%ef5f2§-é'é2@md hlg&eBPDT MM C having two switch arms,
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connect ed bet ground, an ereln, 1 n operati as a
power ‘det ethetransmit andmedcaivepattiked and the second armis switched via a

Dy vl et B eSSl e SERFT WM Q6 BT s A SRy
Irorg 32 ‘r” agl catfePiatdrizfd thelsea8Rd SPDTE RIMISs\wWitdPR ULl ER i dERIctdriTér theansmi tt ed
output power; and an electronic unit to control the output power; wherein in the
case of the SPDT MMIC having two switch arms, on each switch arm, two
parallel-connected diode pairs, respectively are connected between the RF line
and ground, and wherein, in operation as a power detector, one arm is blocked
and the second arm is switched via a bias voltage of 0 V to conducting, and
further wherein the RF power ﬂowihg through the latter arm is rectified at the
diodes, and the measurable rectified voltage is used as a measurement for the

transmitted pov;/er.





