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‘attenuating el enent,. and power detector provides the aforenentioned

advant ages. 2 June 2005 Process and System for Regulating MIIi g@ g&v
Power in a V Band TR Mbddul e The invention relates to a process and a sys
for regulating the power of mllinmeter waves in a V band TR nodul e
according to the precharacterising part of Claim1. The output power,
particul arl y‘ that of nobile communi cati K&, ¥DRU,SHH TiMl); BaropearcRiait (AT, BE,
possi bl e, wi t hout dependence on the i ndCH cyva DR DE S, m&mgf(}}; rm{,qgrpplLU
el ements and sets produced in |arge numo:eqq, pAt SEI mywﬁ%&@@ 43 CF CG

adj ustabl e attenuating el ements on MM Gsy ahg @ga@\p@%\@whum
ower’

as MESFET switches. Qther concepts of rgg lating th ower
frequencies are also known as state of the art. A V band TR m)dule W th

regul ate t n nt ting. )

L st abi @ tﬁ%ﬁﬁgp R sPRGH tod Reppsinl iBeces Wiavs Bloesr iy Band
avai l abl e on the ’-‘ndl vi dual adjustnent of the sets produced is very
expensive and therefore it would be desirable to use an appropriate design
in order to avoid-the adjustnent. At the sanme time, a mninmum of
addi ti onal conponents should be required, since the sane have a spread of
their -features, on the one hand, and cause expenses, on the other. A 50 -
60 GHz SPDT (= s@ﬁBT@MﬁUI e_doubl row)__swi FEHMMA2 commuiveali on syst ens
has been offered by SO NP GRY- yqu_ed_b@n tthi ¢ Sem LTINS S A S of
91401 Orsay, Oedepx rence urde e _dés+ghatiijon CHS219@aceapyiech t o date

- has been used,as E’Farsmt-r-ééwfvmssﬂmtch iln: t r ansceidianoneaiies. The

goal of the in g;fgek)o -ifs\to obtai n regul at i gr—~Qfrik b6 PAVEL L - HETabove-
specified features, naﬂ se—of this or C(:)I‘)espondl*’ﬂwdu&%’{ﬂ@h‘mcu%mrdl ng
to the invention, tRAlsAF aghikyedbythe atures recited 1n the

charact eri si ngs pagidng9 d ai r}% m 2. é&:%}ng the SPDT MM C as an
adj ust abl e att edetedor ng jel enen Sired tfl’_&ﬁ]ﬁfﬂﬂgSSI on
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(57) Abstract: In a process for regulating the millimeter wave power in a V band TR
module, wherein the output power is detected and adjusted to a constant level with the aid of
regulating electronic means via an attenuating element, it is suggested that in the case of
transmisston, for operation at a frequency in the range of 60 GHz or higher, a first SPDT (single
pole double throw) MMIC switch is used as adjustable attenuating element and a second SPDT
MMIC operated as transmission/reception switch is used as detector of the output power and that in
the case of reception, the two SPDTs are used as switch. The power regulation causes for the entire
TR module an overall increase in the module yield as a consequence of compensation of the spread
of chip properties and temperature effects. The multiple use of the SPDT MMICs as switch,
attenuating element, and power detector provides the aforementioned advantages.
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power can be obtained and the spread of chip features can be conpensat ed.
It forns the basic conponent for power adjustnent (regulating el ei*ﬁ]{;}}:boos
Consi derabl e savings are obtained fromthe double function of the chip.
The use of the second SPDT MM C as power detector results in savings in

- view of Frogessiial SystbmNfdr Reguldfifs ¥Ifllinetel a ée liJ;IFegFngEerﬂﬁn& W Mtbik, TR

modul e results in an overall increase in nodu y conpensation of
t he spread Bie igyansion selatgs tnsa predess anghe sywtenr for eégudating thad pevenolf tnillineeterseaes in

t he R as.swtc ttenuating elenent,. gnd power detector provides
‘the aﬁo?-éﬁae%lﬁglﬁ%%b%’@éﬁ‘%% ¢ prpe §"‘§G’@§°flcﬁa‘§b rdance with an aspect
of the presHtoutgi BowkQ PartichBFI® tHia$ o%@bﬂa‘iﬁﬂuﬁmﬂ@iﬂ%QQefsPshﬁﬁﬁtﬁe?}h chiMart QUET

of mllimeter waves for a V-band TR nodule at a frequency in e range of
50GHz Petble; witkeut depandennstandlie indiniduad progertineofibt sirafit elempuats and sags produced in

M ¢ Suneb R0 o S Richefi <87 i il Ay e bRatviit e sraerd Wit
var i alpie diédes BEa MESFRT siRh&S QOmer éﬁ&BMr@gﬂ%ﬁt{@&ftﬁ% power A T&vﬁ‘&tﬂ%guéﬂ&esta?@

out put power, and by way of an electronic co uirt, the control of
t he odglsgdmopwowe ptatetos the atbf ArléHaldeTR modsle agthi regeldted lontpmt powetdnoat knotvn at the

anot he ect .of .the present invention, the IS provided a device to
contr fes%?tﬁ%mep 'S 8 a&uftﬁ &t glempny Orag(f/-GB%ﬁ’a I\%ﬁ!{aﬁ%ﬁ’ gregenttime

f r equapdilabiebnithemhange of 50GHz and higher, conprising, two SPDT (single
pol e doubl e throw) diode-based MM C switches for separating the transmt
and recei vidpddial adjustneinhof the s¢ts proglnieslds very exprmsivieraad tisREGrefMvGuldWbiet ch i s
used as.a Xariable atternuat or, and the sigoncg SPDT Wt{? switch is used as
det ectEFAPEI0 PHAARPERLAls fltsten in pefler tgvaiddhs ppstment; At the samsime) 2 mEgmum
OUt PUbF FHANRInal MRS SREAE bidqUin¥® kindl e Rthe ﬂﬁv(%ie& %;ﬁgid $f*lﬁeipfe?ﬁl‘§1é¥ pn the one

I nvention, there’is provided a device to contr e power o
wav e shdnd arad odubraexpedies,mothk ether. a frequency in the range of 50 GHz

" A 50 - 60 GHz SPDT (= single pole double throw) switch for communication systems has
been offered by the company United Monolithic Semiconductors S.A.S. of 91401 Orsay, Cedex

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.




and hi gher conprising, two SPDT ( single pole double throw) MV C sw tches
for separating transmt and receive path, wherein for transm ssi 02“1&1@3005
first SPDT MM C switch is used as a variable attenuator and the secon
SPDT MM C switch is used as a detector for the output power, and an

el ectronic unit to control the output power, wherein in the case of the

SPDT MM C 1haudR@hancdVith Wh taGlbcpb e plelert Wivehition, MRESis (REViHAPA meMOWRS catlurd] g | N
port can optionally be swtched to the 01 or 02 port, and wherein, in a

node psven of silliateler vevesefon at\bband Tk noRlujsoat i freguensiy i thet read of WG andchigless,
free nner .and a .var,iabl e . attenuation can. be set between ihe | .
bor ¢ B gtiog Zomeisige teas o APy E0b e GanSRHingand Fiesh e T wiadie ShoR Gisg.
of t h@lPHeSRO thebRY MMIORWItERA! forithe BaRithieksh, st Vihé First SFPNIMMIIC swhieh Rewer
of millinmeter waves for V-band TR nodule at a frequency in the range of 50

GHz avediablpjatiermator andrtheiss¢ang:SRDHOMBBISTS witthrig lacdefssios fordh® Petprtiosgy. auibg way

switches for separating.the transm.t nd _recejv rai.n for
© 1 ot sl RAEH Fafhi R FoRRMETie R R EEla P adRER o ERAUBOT
and the se¢gandrdaRbdwidvhiotioM dspdit bSthe pedteidSneentled,eldrofs grovidede devtotstcopaver ,

and an electronic unit to _control the output power, wherein in the ease of
the Sherowm of millimgigr tasesior tacK-bapd AR medule ¢ @ Eeguengy W the rangs of S0GHz and

paral,l.gl .-.c d,. di ' e t.i Vi € ; . HF
e 2l OB ECH SHSTRANES poleSERBE IS XL SR IR R R b e

bl ockbé rafghit Aed $&eiv8 hatla whrdis fomirirshtskion, theafilst 8BDUoMMIgE switclisVused as a
conducting, and further wherein the HF power flowgwgeé t?r OtEgh the latter
ar m i vavipile pitemagionand; the sepopd SEDTMYICHwvitrb 48 usedis dlefestor 9y the ovippt pryeer; ad

used a%%le%uoﬁgmwg%%b%ggﬁfggg%&&&nsm tted power. la 2 June 2005 Details

of the iTnvention w 0 vious fromthe dependent clains and the
descri pti bnad¢cerdantd efithart andtbeh aspatt of she prekait mecntion, there fie peyvidedt o déviee to
Figure 1, a bhloc

1 anSARG BPobR Tl or A B Sl A RS 0ok BreLeRrothias snep AE) B

and th§ LRad: dishead W90 SPOT EndOpYB dofiitd YW MMIC switches for separating transmit
and receive 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 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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Figure 3, the basic circuit diagram Figure 4, the external connections and
~the do supply; Figure 5, the attenuation in dependence upon the con qu} 5
voltage; Figure 6, the use of the SPDT MM C as a detectort; Figure ?Qn
maxi mum avai l abl e and control |l ed transm ssion power. According to the

I nvention, the known MM C can be operated either as a Schottky diode

switch of t P Si n e double throw) type or, by neans of

sel ecting o ﬁﬁt@’? %D{fb% e obygpus o dhe; “‘?ﬁé‘ﬁ@éﬁ efiepEption in
Fi gur eghidh ah €mBodinfant &g MQ%&%&E&&&@%@J thbﬁrs circuit
-diagram In swtching operatlon the 1 nput power |s SWi ed at port IN

ei t herFigaredoe blagk dingranpof the @¢guldtion of flertainimizsion paweriniaatirdarkt twithithe | ng
el enent ate 02 is closed in reflexion-free fashion and the switch path
IN-02 1! g“g’b’gn in the direction of flow. Between the gates IN and 01 a

var | abiigureat aiahi 41 he pheSAishaforheRudlE SPDTIRIE! Via the do supply

vol t age (see Fi gures 4 and Figure 4's xternal connections and
the d lglupﬁlﬂlebmecmdﬁkagr&moperat ion are: Switching operation: Swtch

pathl.Oli t he state, s hpathIN02|nthe OFF state. Pads Al,
#\I \?%ﬁ % f;é the de@ERPIt at e swi t ching path bl ocked; ON

statengsmescmeaaemmm xmemgao WieoditoPléjflzey Ol Lage Suppl y takes place

via serial resistors of a connecte N’ series with pads A, A2,
B 1, Bigurdbithe nserofdheSBDTMMIGas o ditegtatth | N-OL as detector, swtch path

1N—02Lnt OFF state. s A, 0 v (1 KL2in series with the pads).
Pai s Blgpre g © graxumsn Wg%@@gﬂﬁﬁé@dwmﬁﬂ PO%ER er 250 O resistor in
series). 2aZcoltig t&#iInvention, the known MMIC can be operated cither 2 2 Schotiky diode
switch of the SPDT (single pole double throw) type or, by means of selecting other supply voltages, as
an adjustable attenuating element. Figures 2 and 3 show the layout of the SPDT MMICs and a basic
circuit diagram. In switching operation, the input power is switched at port IN either to port Ol or
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 kQ in series
with the pads). Pads B1, B2: (.- 12 mA (corresponds to 0 - 4 v after 250 Q resistor in series).




Operation as a variable attenuating el enent: Switch path INNO i in ON state
(gate 01 closed in reflexion-free fashion), switch path IN02 in 2 June 2005
attenuating operation: Pads Al, A2: - 2.5 v. Pads B1, B2: 0 - 12 mA
(corresponds to 0 - 4 v after 250 12 resistor in series). In each switch

pat h oQpeffticdPky AWhiiabReit€ertatink Vexbpde pairs 4/ 5, respectively, 6/7
connected between the hf [ine and ground. When the SPDT MM Cs are operated

as powePitghpablyrQl in @Nestategate O belobed in reflexitrefted fashjon), bWitc2yath IO Simc ond
path i | 0 P a, bi volt Q v, . The hf power flow ng
Phr ouofi Rl BRa" st Ay 2! 5% VORREY 328 -do md Gerthordidb i ar ot afefpso
vol t age resiktofin sedbs)be neasured at pads Al and, respectively, A2 is a
nmeasure of the passing power, as shown in Figure 6. The voltage at pad A2

is used forlnreelsswitehppathen fiDT FOVE: theararbevaldiode paits 415, refyectiGHB/M C i n
0 o BB 1 b P, D% SRR e B SBAShbelctors,
oo SgECh PR U 07 el i g i
Measur thower Howe gh gre QN pad ik tifibd pithe dindey camheded in gatgliehuTanoltage
SRR R N RTINS CE T g
o g Tl SO0 i U B e St Sty Ty
appl i &FLY injthé temge foirs? dBmito <sidvdRim.. Control vol t age
Figure 5 shows the attenuation in dependence upon the control voltage. The following values
apply:
dc connection and voltage 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.



Pads B 1, 132: 12 mA. hf.configuration: Measurenment with wafertester at 58
GHz. I nput power at gate 01, output power at gate IN, gate 02 was June 2005
termnated with a 10 dB attenuating elenent. 3 2 June 2005 The a%j ust nent
of the transm ssion power in accordance with the invention was devel oped

w th the ciThdadiut@BRUTIR 'nq%,}, 5&@&3‘% LT i as
shown in the bl _(J)ck di agramﬁatggﬁ%i[dgureefi.g{?(%orecept| O%h%xﬁr}eéiﬁ?%%éﬂ%ﬁ’eq %Cs
(1 andwith thercircpit eempenengs destribeddopowens(iérreteiyer nanilersschbwa in flevidsck(dihgram
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o) ot SRt T8 B e e N T i 2 B S svtohe L@ (a0, Lo
poer  sadjreeivee bwer (pRMIRX) 4r6 switehBa %o HieanBa RGaRLRElLANED TRANEC 1 Wifiks as an

desired output power l'evel is adjusted at the electronic neans via the
nomi nadiustableattemnagingelamentt ong SPRE MIYHE R, apopewerdetstor e Tha powheadjptatintsiscuit

e Lkt RGPS B, RN M ROUS LS
----- méind ¥eth B6MBinaCvAheSFikureedhdRd o Rlor BRURMR thlpellichd aRY RS

waves for a V-band TR nodul @kurgt a frequenc inr%]}ggs rangghé(; 5 g%m
hi gherthe ¢ase withopoazaation (naximumiavailabiepov@lr) andsiaphe edse nfjcdtm] (ParsHilBin Ag

and r%'gggtyi ng path via two SPDT (single pole double




throw) MM C switches; for the transm ssion, using the first SPDT MM C
switch as a variable attenuator and the second SPDT MM C sw tch a?.ﬁﬂleZOOS
detector for the output power; and by way of an electronic contro
circuit, the control of the output power to a defined |evel is achieved.
2. Device to control the power of mllinmeter waves for a V -band TR nodul e
at a frequency in the range of 50 GHz and hi gher, conprising: two SPDT
(single_pole double throw) diode-based MM C switches for separating the
transni%8W8 receive path; wherein for transmission, the first SPDT MM C

switch is used as a variable at- tenuator and the second SPDT MM C swi tch

Is used as a detector for the output power; and an electronic unit to
contrdl t Metbod puconmidhe poweDeimitlineter wanes fir a VdandweR mefdulg at & net er

waves for _ a V -band, TR nod a_ freguency in the range qf Gz and
" gher  coffBAteRRgn e gt T Phind EBEEIR methad SerBie ti fdtshes o
separatingftransmt and receive path; wherein for transm ssion the first
SPDT MM C switch is used as a variable at- tenuator and the second SPDT
MM C swi t cBeparating theslsansratiingcanst receivingeath yig o SpiMeisingdgpolgiadiblat r oni ¢

unit to co . power; wherein in the case of the SPDT MM C
havi ng t\/\omsrém@iwgzr%i&:é% switch node, an input power at the IN port can

opti onal | Yobthestvartsthiesioh ouditig thzdfiret SBRTHAMIC savilth asheevaiiable atienuaiode as a
vari abl e agr}det?lléaste%%hdtélgD'P%ﬂra?é tsw%tgh tagrarrc‘:[e aeE:Foclj‘ ftlarnth% 05ut§ut‘]puor\]r\?er;223§ by
way of an electronic control circuit, the control of the output power to a defined

level is achieved.

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




reflection free manner and a variable attenuation can be set between the IN
and 01 port by variation of the supply voltage. 4. Device to contrf)jmg?@os
power of mllineter waves for a V -band TR nodule at a frequency Int
range of 50 GHz and hi gher, conprising, two SPDT (single pole double throw)
MM C switches for separating the transmt and receive path; wherein for
transm ssion, the first SPDT MM C switch is used as a variable attenuator
and the second SPDT MM C switch is used as a detector for the output

power ; and reflectiondtesomaonenand & vanabierattenuatiorocamhbe spbveiveentiee 8N andn t he

‘case of the iPDT MM C. havi gﬁ}%wo witgé arns, on each switch arm two
su

paral | el - cAnm@OIAY YArsyan €ely are connected between the RF
| ine and ground, and vvherel n, in operation as a power detector, one armis
bl ocked and the second armis switched via a bias voltage of 0 Vto

conduct4, ngDegied to bbhtrﬂ&he%ﬁfe@ bﬂnitlli@nel%‘? vﬁéﬁ)é;%rfof & YNpaadtTR pwtiuld beal at t er
armis rectified at the diodes, and t nmeasurabl e rectified voltage is

used as a MESYEREHENeraRge AESO ﬁ*’%@’fﬁl hlgéi&r-power 6

comprising, two SPDT (single pole double throw) MMIC switches for separating
the fransmit and receive 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
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.



