'(e3e &L #JIKTKK@LGPETL ' 1J°11Jy' Process and System for Regul ating
M l.l'i meter Wave Power | Band TR Modul e The invention relates to a
.process and a sﬁmmmwﬁl“w ulating the power of millinmeter waves in a Vv
band TR nodul e the precharacterising part of Claim1. The
out put power, I cul"gr t t of pbil e communi cation sets, should be as
const a r°§§ssp6'§‘gi P@map ry&ﬁsfl Wﬁﬁm@% ¥k Power vpct Y BanshdiR Medye
the circui thelReRrreRRd 18 8lpRoddte fok gﬁfer | 0
GHz, adjustable atter?uatl ngtpg?errents rslﬂekl}l\/logs&glraIEiH eaII?gors‘’vedc?l\to\gvlh[1 é%ﬁ%ﬁ(sjle%g
or asa VEsRHETR wiotluleascordingao theqnedhptastenibing@grtlofClaigy k.he power at | ower

frequenci ei,hare al so known as st&?ate of the art. AV band TR nodule with
regul at ed ONE PHPULRANEE RacticHiariythatgf mebileiremmunication setseshopld bejag cqpstant as

adj us ﬁ@é@ib@e %\frﬁlf%ﬂ’t@éﬁeﬂgen%e QH%W 1nflin'1'du§p d;@E@.?@sson 9 @\.ht 158 M5 Qﬁc?é(}ftj C%x‘gﬂﬁced in

avai labl e on the market. Individual a ment o e sets pro I's very
ex penkirgeemupmlobrs. nat féqueacies <SG, trbusldsle atdnuetingelernents on &bl Opare atadised withn

st At th f addit |
corpohheloderitschbSFR TR, UehorBontonts SaRE Hirane Papais gt Hopbpicics 2
f eat uygs kn&@n ﬁshﬁat@ ¢ teand, A anhrdars ﬁloﬁiﬂe%ﬁlel%gulg{édtoh?puﬁ’bmér is RotithowrPA tfdZ

SPDT (= single pole double throw) switch for comuni cation systens has been
of f er psény tlntee I‘éampamydjumable dttévbratihg elaimentJend @ GlthastMMEC 3t thePreseht tirhd 01
say, q;g][e anc under t he designati on CHS2190a, which to date has been
used e ce| ve switch in transceiver nodules. The goal of the
| nventi on nﬁmeuﬁfaaﬁagwn@eflﬂhetsa@ Brodfucdd® veg»/&geme%mﬁer@ﬂ?yﬁ wd bd ed
features, making use of this or a correspondi switch. According to the
i nve ndﬂ:smabletth use arsamtbprmdbstgp in Ioede& Graa\tmceﬁle radjustlmm i At tlieesamhalrm aemmﬂnwg

art o ,.aim1l and aim B n SPDT MM C as . a

P enfbaddiipna coriineris shOuE be Ao tn G oo Isda ik Sb LRI RE Pt oihe
Spr eagaff aﬁ‘&]béﬁsé SRlHEQRS ol BfR diercOnpensated. It forms the basic conponent
for povver adj ustment (regul ating el enent). Considerabl e savings are

obt a| ned f Ao ¢ 6(eGHia BRLE (usingle pnleaioublleehmhii) pwitdh for gemnuicatien ssemmﬂjhESPDT

p ect or ul t vilgs in v | e tion.
The r o&fe%t%brﬁwtca@p P‘t‘TCfJM r# l‘éo“%l‘-’% t,%s\é%?\es nga‘?@sB Sﬁy’ §er al |

i ncr eFﬁﬁcé RnGBIAHE Besigrfakidn @HSQQW@WH 10MHaff has Ib@erﬁﬂe&%ﬁia%nﬁﬂ&-ﬁecfe%ts%@ﬁ iand
temperature effects. The nul tlple use of the SPDT MM Cs as sw tch,

at t entransceiyermedwles., Thengbapofishe inlentien isrto pbtain mgelatumw%thg pewetrwitlo thecbove-
tion will becone obvious from

advant a RN 6 s of the.inv

he- QSEITR feAtpleS AR s NG L& PPRIPORRPR WA an embodi ment 1<

expl ai ned Webdydir@ft6 iR iaferdtPn! e id haibVAby thS RafirédYe¥ted 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 the 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 the entire TR module results in an overall increase 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.
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. Figure 1, a block diagramof the regulation of the transm ssion power in
accordance with the'invention; Figure 2, the |layout and the pad designation
.of the known SPDT MM C Figure 3, the basic circuit diagram Figure 4, the
external connections and the do supply; Figure 5, the attenuation in
dependence upon the control voltage; Figure 6, the use of the SPDT MM C as
a detectort; Figure 7, the maxi num avail abl e and controll ed transm ssion
power. Acc r
poter - FCOBEAIET G ARTNAR LGS STk IR A bl & RSl e Gl i 0
rreanswachaaleadmdnqpmusirmaplquphxyh weféremgds theadrawingadThat ahcb\e attenuating

el erre re and show t he | ayout of, the SPDT MM and asic
cirodt 8“%% Fadtedial chr Tegulatien %&a%sﬁm%éSI?mbweraB Rascewitehed ot
port 1|n|b‘erﬁi6nher to port O1l or port 02. For operation as a variable
attenuating elenent, gate 02 is closed in reflexion-free fashion and the
SW tangmehthd\lay)@t|asdﬂpqrad|dQS1giW1amofelmkrmwrrﬂPIbTMMI(Bet ween t he gates IN
and bI £ atte uation between 3.5 and 25 dB can be set via the do
suppl g%’l él?fe 4 and 5). Figure 4 shows the external
Conneﬁltghféﬂﬁ tﬁ@&téxﬂ@l &Qne"dﬁBHé Xndﬂi@%cg@;% of operation are: Sw tching
operation: ‘Switch path INO 1 in the state, switch path INN0O2 in the OFF
st at eFigReeds the dttend@ion-in2ependengeargen Mg cddBrol mﬂtalgA OFF state: switching path

bl ock d; tate ath allows flow. The external voltage supply
t akes" |8 P%?q‘: éf@%&ﬁlﬁg%@%aﬁ teg¥BBut 200 S2 connected in series with
pads AlburehR thé?’l%axﬁ?mn Wélﬁﬁfe%d‘egﬁfﬁféd(?ﬁns%&ﬁ oReth INO 1 as detector,

switch path INO2 in the OFF state. Pads 1, : 0v (1 (err) in series

with the pAdejrdin@dasheBhyerBan, the kndwn MMIE cm begroateiteither @s a Sdhqttkatfdlcuie 250

S2 b tt
of et iiithe APHT Giblo nels Japba P i yabb e e e PSP G e
fashi %‘idéus%%l% g&ergaglhglgl%@g% IMg@td NP3 sRGy aﬁqaﬁ;u't Qf‘the ReUsr ¥IMICsAAd a basié:

v. Pads . (corresponds to -4 v after 25 0 S2 resistor
i n_ secir@df)diagramede kwisvhing hpeyatidn, the inpw pBRET 1s|\smlt@h¢d1«'arpertheelﬁmotocmm@l AN

4/ 5, respectj vel 6/ 7 connected between the hf_line and gr.ound th
SPOr RAvE BE° Ziok optatich s B EE IS Sledieet EOL i e SR DTS g
(e.g. andt!i»kg%}tch bitg INSG?P ﬁdoﬂ%ﬁmme%é%&pmv@psaw%ﬁ hleagatasm a8l 1 Garfibld V.

The hf power flow ng through the ON path is rectified at the diodes
conneattengation lpﬂiwacbri &b and B& dBalan hgectwha thie deanpily vaktegssesd lamrepédsd A.1 and,

USCEIG AR TR NP e e
det eCERftcRingt Bferatibl: VM C in the range from3 dBmto < 10 dBm .

Switch path IN-O1 in the ON state, switch path IN-O2 in the OFF state. Pads A1, A2:-2.5v;

pads B1, B2: 12 mA.

OFF state: switching path blocked;

ON state: switching path allows flow.

The external voltage 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 kQQ in series
with the pads). Pads B1, B2: 0 - 12 mA (corresponds to 0 - 4 v after 250 Q resistor in series).
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. Figure 5 shows the attenuation in dependence upon the control voltage. The
foll owi ng val ues apply: do connection and voltage supply: Pads A 1, A2:
.-2.5 v Pads Bl1, B2: control voltage applied through 250 S2 resistor in
series. hf configuration: Measurenent with wafertester at 58 GHz. | nput
power at gate IN, oytput power at gate 02, gate OL was termnated with a 10
dB athﬁ{Pg’c"i“ngs @ ¥piipble attenuating elgeRt:t he use of the SPDT MM C as

det ec i j 3 -t he
ot put e B N el L SR sa-AE oo P RRACE BER IN0S7 ik e
supp! attenBatiteg opkratid?2 Pals X 12Ap1 4 26 vi PadsBh B2: OEr 12) mAgsors¢spondsrto 9erd esfter 250
Contrgl voltage Pads Bl, B2: 12 mA. hf configuration: Measurenent with

vaf er PSHEPT WySeH8s)Gz. | nput power at gate OL, output power at gate IN,
gate 02 wa i 1 WaloY 5373 The
adj ust rr\::ntﬁloe%a(a{l %’R@ g%}sl\r%tst% %‘?ﬁg%@[@@?éﬁeﬁzﬁ’:@t&?gg@é?’% F%/Sf hégw?cgf% tg/gn was
devel amadcted bétwieletheihf tine tnd gropadie Mien diesSPD T AAMIOs are opedatesirs tpoeer deectorser
nodul e as sho in the block_ di ag{lam of _Fi ﬁure 1. In reception, the two

SPDT 9 itch ppthyis blogked feae. DNsQ2dhe sgopndipath & §yvteded ppsmwitlop biasyortagephiy.

hor s TREMERORE g Wb te OR fafishd et t e QAT RRoRD n PG sbitaee

det ecivhich cainbe pratirediat pads Ko rind Clespeotively, A ZTisasaehsuteafaliepasging pewer, agsltown
means, The desired output power |evel is adjusted at the el ectronic neans
vi a t R 1gyRion diheyeitage atpad dylds psedfetmensiing thepawssohevengande detectad at the
spect Pﬁ?}l{%ﬁh i S it bgyt gul ati on (maxi mum avai |l abl e power)
and i% e cagzﬁgl}élg%%étﬁ%lﬁ%(%ﬁ%& :qg dgyg‘r?ﬁ = const). | RN 632453 4 Cl ai ns:
1. A proceBigufed shosgithabttengatidreinpizperidende wpdnltheredrtro] walvape. iThe folloviag daltisy
rmdulepil% a frequency in the range of 50 GHz or higher, in which the
t rans?iPs%i on path is separated fromthe reception path with the aid of two
SPDT §gsi I Qabe t MM C switches, characterised in that in the
case g ctgggﬁcsf?ﬁﬂsg?(gn, tﬁee SPPPQ’ SPDT MM C switch is used as an adjustable
at t enPadsiAg A:e28m and the second SPDT MM C switch is used as a detector
of the out put power, and that the out BUt power is, adjusted to a preset
| evel PadstBhl, 82 eonten iveltageappliedbthrough 250 Lrasistor dgperiesi ng t he power of
mllipgter Vi in a V band TR nodul e at a frequency in the range of 50
GHz o&ﬁ?‘éﬁé@'a\;ﬁnﬁf‘h two SPDT (single pole double throw) MM C swi tches for
separ Meafigethbgt witlewafertesecn SpaGHz.f rom t he reception path, characterised in
that in the case of transm ssion, the first SPDT M C swtch js usable as
an adjnput pove aheete A a@UtRY RoveHatgataHd, gt 04 aas termiatd W\h% e @\dﬁ Henpatings ap| e
as dejgegtpr of the output power and that electronic means are provided for
carrying out the regulation.

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:

de 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

element.
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. 3. The system according to Claim2, characterised in that in the SPDT WM C
having two switch paths, in switching operation, the input power at port IN
.can be switched optionally to a port OL or 02 and, in operation as

adj ustabl e attenuating elenent, gate 02 is termnated in reflexion-free
fashion and that variable attenuyation can be_ adjusted between the gates IN
and O 1 wi the ﬁﬁestmeat ofithe Hransmypsien, PeMriin gecordancaith dhesinyentionwasdiengloped

a ai my tﬁﬂaf&%tc%m\@ﬁ%ub gesfchﬁéd foR attfsretete/rdlBiv e ﬁé{ﬁ?l@?s EWthﬂ&?logﬁgﬁ ram 1
each swtch path t I ode palrs connected 1 n parallel are inserte efween
t he héf Figne land regeptionl thatlvd SPDT MMIOpElr aid Draressed ap swkrch. die® @otver (piwriedpat h
is blocked and the second path is swi tched ogpe i ias voltage of 0 v,

h b
hat BHSeRSVRREYeT (Pl iy alelohetl orfhe e i esAission, SEDITVBACH Works as an

3, B0 GRS TE A Y A SR

kI CQ is-chdwea [visr ariabipXdleaichiaheak c The distrell oatgic phwea b jsoafjeaddeafieadleajonid ca] ¢
Ra , : : " (8FV& _

?j f:%][ rcmaw] Ca%i Werﬂ%?c e I;Tat@ %3: gﬁ"’}g]g; ?!& g‘]éﬁc e%féle&%} gg‘]%&%‘f@é}(eéé’} the]sesqten) analysst Ha) ¢

al]ca oG - -
9&10w%ﬂ8@&@3%%t@%ﬁ§%@@&{ A eg&loﬁn\r&ﬁe' %‘3 Sk Ee = A B ()- e
r| Z8! @RHO%ME' ()- ! S&10%mme’ ()- ! S&L0%mE: ()- ! S&L0%M’ () - SRL0%& () -
98109%"& ()-g V bC " 10%& ()- " 10%rB& () -1 Yz#10%& ()- 10m 10m 10m

<10%8’ () - 910%8’ () -

"1 KdEDC! | y&10%m&’ ()-' 11 10%&' ()-" 10%&' ()-" 10%r&' ()-" 10%mn

& ()-"10%rH8 () -, | WdEbC! . 810%1&' () - - #10%M8’ () -

USH10%TE () - MUSH10%TE () - MUSHLO%ME () - M@ 10%T&’ () - WONOPQ-abCl | °

10%18’ () - S8L0%T&! () - S&10%M8 ()- 10m 10m

10M10%18’ () - . &10%T&' () - 5s_dEbC! $10%&' () - $10%m& () - $10%mx& () - $10%& ()
- #10%8! () -

&10%& ()-9 " p(dELC! Y($L0%& () - Y($10%&' () - Y( $10%me& () - Y($10%mn

& ()- Y($10%r& ()-1 & ! 10%m8’ () - ( 5678FSTUVBWA

IRN 632453 4



- 10Z '10Z 10Z910%Z& () - Y&I0%Z&' () -s"10%Z& () - 10m 10m 10nP10%m&' ()- V{ }"$&
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New"' h * Ent r yWor dDocunent L 1" #SYR
1

A process for regulating the power of millimeter waves in a V band TR module at a frequency
in the range of 50 GHz or higher, in which the transmission path is separated from the reception path
with the aid of two SPDT (single pole double throw) MMIC switches, characterised in that in the case
of transmission, the first SPDT MMIC switch is used as an adjustable attenuating element and the
second SPDT MMIC switch is used as a detector of the output power, and that the output power is
adjusted to a preset level with electronic means.

2. A system for adjusting the power of millimeter waves in a V band TR module at a frequency in
the range of 50 GHz or higher with two SPDT (single pole double throw) MMIC switches for
separating the transmission path from the reception path, characterised in that in the case of
transmission, the first SPDT MMIC switch is usable as an adjustable attenuating element and the
second SPDT MMIC switch is usable as detector of the output power and that electronic means are
provided for carrying out the regulation.

3. The system according to Claim 2, characterised in that in the SPDT MMIC having two switch
paths, in switching operation, the input power at port IN can be switched optionally to a port O1 or O2
and, in operation as adjustable attenuating element, gate O2 is terminated in reflexion-free fashion and
that variable attenuation can be adjusted between the gates IN and O1 with the aid of the supply
voltage.

4. The system according to Claim 2, characterised in that in the SPDT MMIC having two switch
paths, in each switch path two diode pairs connected in parallel are inserted between the hf line and
ground and that, in operation as a power detector, one path is blocked and the second path is switched
open with a bias voltage of 0 v, that the hf power flowing through the latter path is rectified at the

diodes, and that the measured rectified voltage serves as a measure of the power passed.
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