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MODULATOR PRODUCTS

This detailed modulator upconverter section summarizes the important input, output and transfer characteristics of these devices. We
look forward to helping you choose the best modulator from our increasing core of state-of-the-art products, so that your system will
be more competitive in today’s demanding marketplace. Most importantly, we are committed to satisfying not only the written techni-
cal specifications of any new product, but to ensure that the product satisfies its intended application requirements.

MODULATOR AND UPCONVERTER APPLICATION GUIDELINES

CRITICAL SPECIFICATIONS BEST MODELS CIRCUIT DESCRIPTION
GENERAL PURPOSE

Low cost, size BMA, SM, SDM, SME Double balanced, octave bandwidth

Linear modulation, nonlinear, RF (All series) - CD DB, carrier driven

Linear RF, nonlinear, modulation (All series) - MD DB, modulation (IF) driven
COMMUNICATION

BPSK, TTL, DC — 30 Mbps BMT Double balanced, PIN diodes

QPSK, ECL, DC — 200 Mbps SDM, SMC Schottky diodes, balanced ECL

DQPSK, raised cosine SDM6474 Linear I/Q with RF amplifiers

FSK, digital control SYS0302... Direct digital synthesis 1/Q drive
RADAR - EW

Sinlge-sideband upconverter SDM, SSM, SMC Schottky diodes
SPECIAL - WIDEBAND

2 — 26 GHz modulator/upconverter SM0226, SML Double balanced or even harmonics

4 — 40 GHz block converter LNB Triple balanced with LO, amplifiers

\ 1/Q, high speed, accuracy SMCO0618, 2-6, CD Quadrature, double balanced /

TYPICAL PERFORMANCE RANGES
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BIPHASE MODULATORS AND DSB UPCONVERTERS

fmj;vw‘ { _ M;Df {

BMA BMT
Linear Biphase Digital Biphase
CARRIER DRIVEN MODULATION DRIVEN
(LINEAR IF MODULATION ) (LINEAR RF BPSK)
(NOTE 1)
FREQUENCY RANGE CARRIER  SIDEBAND  PHASE/AMP CARRIER
MODEL RF IF REJECTION HARMONICS ERROR (Max.) STATIC LOSS/P 1 dB REJECTION
NUMBER (GHz) (GHz)  (dBe) (dBc) (+deg./+dB)  (dB, Max.) / (dBm) (dBc, Typ.) NOTES
BIPHASE MODULATORS AND DOUBLE-SIDEBAND UPCONVERTERS
BMT65175HC10MD  0.65 — 1.75 TTL N/A N/A 3/0.3 6/+15 30 PIN diodes 279
BMA0502LA2MD 05-2 DC-05 35 30 3/0.3 9/+5 30 Hermetic 281
BMAO104LA1MD 1-4 DC -1 30 35 3/0.3 5/+5 35 Hermetic 283
BMA0208LW2MD 2-8 DC -2 25 30 5/05 5/+5 35 Low 1/f Schottky 285
BMA0218LA1MD 2-18 DC-05 15 25 10/0.75 5/+5 20 Low 1/f Schottky 287
BMT0218HC10MD 2-18 TTL N/A N/A 10/0.75 6/+20 25 PIN diodes 289
BMA0618LA1MD 6-18 DC-05 20 25 10/0.75 6/+5 20 Low 1/f Schottky 291

Q—y~A— Q—yf,i—

SDM, SSM, SME, SM SMT
Linear, I/Q Digital, Linear RF
FREQUENCY RANGE CARRIER SIDEBAND CONVERSION
MODEL RF IF REJECTION REJECTION LOSS
NUMBER ((¢1;74] (GHz) (dBe, Typ.) (dBe, Typ.) (dB, Typ./Max.)
GPSK AND MODULATION DRIVEN MODULATORS
SDMO0502LC1MD 05-2 DC - 0.5 33 25 7 /10 1
SMT0502LC1MD 05-2 TTL 25 25 7/10 QPSK
SDMO0102LC1MDQ 1-2 DC - 0.5 35 25 6/7 QPSK
SDMO0104LC1MD 1-4 DC - 0.5 40 27 7/10 1
SMEO0104LI1MD 1-4 DC - 0.5 35 35 10/12 1
SSM0204(*)C2MD 2-4 DC-0.5 20 20 719 1
SSM0208(*)C2MD 2-8 DC -0.5 20 18 7/9 1
SME0208LITMD 2-8 DC-0.5 25 35 8/ 11 1
SSM0408(*)C2MD 4-8 DC -0.5 30 24 6/9 1
SSM0812(*)C2MD 8-12 DC-0.5 30 23 6/9 1
SMT0218LC1MD 2-18 TTL 25 20 9/12 QPSK
SM0218LC1MD 2-18 DC - 0.5 25 18 8/12 1
SSM0618(*)C2MD 6-18 DC - 0.5 25 20 8/12 1
SME0618LITMD 6-18 DC - 0.5 25 28 9/13 1
SSM1218(*)C2MD 12-18 DC - 0.5 20 23 7 /10 1
SM0226LC1MD 2-26 DC - 0.5 20 18 12/15 1

kNotet For QPSK specification, please see detailed data sheet.

QAM
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SSB UPCONVERTERS AND VECTOR MODULATORS/PHASE SHIFTERS
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S SDM, SML-A...D

a Single-Sideband Upconverter

g LO and 1/2 LO

FREQUENCY RANGE CARRIER SIDEBAND CONVERSION
MODEL IF REJECTION REJECTION LOSS
NUMBER (GHz) (dBe, Typ.) (dBc, Typ.) (dB, Typ./Max.) NOTES
SINGLE-SIDEBAND UPCONVERTERS - CARRIER DRIVEN

SDM0102LC1CD 1-2 DC -0.5 30 20 8/10 329
SM2737L16CD 2.7 - 3.7 DC-0.5 25 30 6/8 331
SDM0104LC1CD 1-4 DC -0.5 35 25 8/10 333
SMCO0206LI1CD 2—-6 DC-0.5 35 30 12/15 335
SDMO0307LI1CDQ 35-6.5 DC -0.5 30 25 8/ 11 337
SDMO0208LC1CD 2-8 DC-0.5 20 15 7/10 339
SDMO0708LI3CDQ 72-84 DC-0.3 30 25 75/85 341
SML0711LM8CDQ 71 -11.7 DC-0.2 45 30 9/ 1 Even Harmonic 343
SDM1015LI3CDQ 10-15 DC -1 30 25 8/9 345
SM0218LC1CD 2-18 DC-0.5 12 18 8/12 347
SMEO0618LI1CD 6-18 DC -0.5 25 30 9/13 349
SMC0618LI1CD 6-18 DC-0.5 35 32 16/19 351
SM1826NI17CD 18 - 26 DC -0.5 30 30 9/12 353
SM3435L17CD 34 - 35 0.02-0.2 N/A 25 9/10.5 LO Amplifier 355

L-R Isolation: 25 dB /

GENERAL

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation) has sufficient power to turn on the
semiconductors used in the various designs (i.e., Schottky diodes or PIN diodes). All modulators yield a frequency spectrum that utilizes both sidebands
on either side of the output suppressed carrier. SSB upconverters employ an internal IF 90 degree hybrid to yield only 1 RF sideband output. This is
offset above or below the input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have
the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can only be driven at
modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. PIN or Schottky modulators that vary only the RF carrier
phase, in many discrete steps or continuously, are referred to as phase shifters or frequency translators respectively. When output RF amplitude and
phase control is required, the device is usually called a vector modulator. For the latter device, phase accuracy is usually specified over a given
amplitude range (in dB).




MODULATOR
PRODUCTS

BIPHASE MODULATORS

LO +IF
17 LO - IF

DOUBLE-SIDEBAND UPCONVERTERS

¢ Detailed Data Sheets

s
(=]
=)
g
=1
(=]
0
L")
k)
(=]
=]
(=
Q
-]
(7]




\
.65 TO 1.75 GHz TTL BIPHASE MODULATOR

MODEL: BMT65175HC10MD (Modulation Driven)

4] FEATURES e ™~
Q * RF frequency range.........ccccureun. .65 to 1.75 GHz
& (usable from .5 to 2 GHz)
o . °
g * Biphase accuracy..........ccccurrrennn +1
é e Amplitude accuracy .................. +0.1 dB
g * Rise tiMe ....cccceeereerreerererrercenene 10 ns
e Switching speed.......cccccvviumnnn. 30 ns
* RF input.....cccericcerrecceeer e +13 dBm (P1 dB)

MITEQ’s Model BMT65175HC10MD TTL-controlled biphase modulator is ideal for BPSK modulation over broad
frequency ranges with extremely high input carrier levels (up to +16 dBm). The power handling capability is suit-
ed to simulator systems using high-level VCOs avoiding the requirement of an additional external amplifier. Since
this is a TTL or modulation driven unit, the RF input-to-output power relation is linear up to the compression level.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF carrier frequency range GHz .65 1.75
RF carrier VSWR Ratio 2:1
RF carrier power (linear) Operating dBm Noise +13

Nonoperating dBm +23
TTL modulation rate MBs DC 30
DC power supply +5 VDC mA 30

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Insertion loss dB 4 6
Carrier suppression dBc 20 25
Switching speed 50% TTL to 90% RF ns 30
Switching rise/fall time 10 to 90% RF ns 10
Phase balance (0 or 180°) Degrees +1 +3
Amplitude balance (0 or 180°) dB 0.1 0.3

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
Modulated RF frequency range GHz .65 1.75
Modulated RF VSWR Ratio 2:1

\Video leakage From .65 to 1.75 GHz dBm -65 /

279
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BMT65175HC10VID VMIODULATION DRIVEN TYPICAL TEST DATA

INPUT/OUTPUT VSWR BIPHASE AMPLITUDE BALANCE
6:1 0.5
/"" . 0.4
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E‘E: 3:1 \" / = 0.1 \ 0
w \ ¥ |: o
= \‘ '/ = 02 o]
Y el / s - <]
2:1 —— = ==——t— INPUT = -03 o
N — | | — 04 g
— = OUTPUT . =
1:1 — -0.5 7
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10 -5
05 65 .8 .95 11 125 1.4 155 1.7 185 2 05 65 .8 .95 11 125 1.4 155 1.7 185 2
FREQUENCY (GHz) FREQUENCY (GHz)

MAXIMUM RATINGS

Specification temperature.................... +25°C
Operating temperature .......... .... -54 10 +85°C
Storage temperature .........cccceeeenneenn. -65 to +95°C

NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.

OUTLINE DRAWING
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\ NOTE: All dimensions shown in brackets [ ] are in millimeters. /
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0.5 TO 2 GHz LINEAR RF BIPHASE MODULATOR

MODEL: BMAO5S02LA2MD (Modulation Driven)

4] FEATURES e ™~
Q * RF frequency .....cccceeeeeeeeereeennenns 0.5 to 2 GHz

E e Modulation bandwidth............... DC to 0.5 GHz

g * Biphase accuracy.........ccceeeuruene +1°

g e Amplitude accuracy .........cccuvn. +0.1 dB

% e Modulator to RF isolation......... 40 dB

NG /

The unusually high port-to-port isolation of MITEQ’s BMA Series of biphase modulators makes them well-suited for
directly modulating microwave carriers in the linear RF or linear IF modulation modes. The latter or carrier driven
mode is useful for low BER digital transmission using Gaussian shaped pulses for minimum bandwidth. Optional
diodes are available for more output power using proportionally greater input LO or carrier power. TTL drivers are
also available (BMT Series). The specifications shown below are for the modulation driven mode (linear RF). An
optional model (-CD) can be ordered and tested in the carrier driven or linear modulation mode.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 0.5 2
RF power dBm Noise +5
RF VSWR 0.75to0 1.5 GHz Ratio 2:1
IF frequency range GHz DC 0.5
IF current (antiparallel diode input) mA -10 +10

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Biphase accuracy 5102 GHz Degrees 1 3

0.75to 1.5 GHz 0.5 1.5

Biphase amplitude balance IF =+10 mA dB 0.1 0.3

Switch loss IF =10 mA dB 7 9
Isolation RF in to RF out RF = +10, IF = Off dB 30 35
IF in to RF in RF = +10, IF = Off dB 40
IF in to RF out RF = +10, IF = Off dB 40

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range (modulated carrier) GHz 0.5 2
RF power at 1 dB compression dBm 0

\ RF VSWR 0.75t0 1.5 GHz Ratio 1.5:1 /
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BMAO502LA2MD MODULATION DRIVEN TYPICAL TEST DATA

61 INPUT/OUTPUT VSWR 0 BIPHASE AMPLITUDE BALANCE
: 5
/ 0.4
5:1 @ 0.3
=02
= 41 c 01 ——
= { N N~
£ 31 \ INPUT / §—0.1 \
) ‘\\ / =002
S 7 z o
2:1 \ I == =-03
— — S < o4
11 OUTPUT  T——— 05
05 65 8 95 1.1 125 14 155 1.7 185 2 05 65 .8 .95 1.1 1.25 1.4 155 1.7 1.85 2
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5
4
I
0 m &
— — L
5 ————— 1 m 22
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B 40 — omh 23
=
- LO-TO-RF ISOLATION a4
50 | | | 5
05 65 8 95 1.1 125 14 155 1.7 1.85 2 05 65 8 95 11 125 14 155 1.7 1.85 2
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MAXIMIUM RATINGS GENERAL NOTE
Specification temperature.................... +25°C 1. Linear RF or modulation driven mode (RF = 0 dBm, IF = £10 mA).
Operating temperature .... -b4 to +85°C
Storage temperature ..........cccceeeveennen. -65 to +95°C
NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
OUTLINE DRAWING BLOCK DIAGRAM
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1 TO 4 GHz LINEAR RF BIPHASE MODULATOR

MODEL: BMAO104LA1TMD (Modulation Driven)

§ FEATURES e N\
Q * RF frequency range ...........ccuuuueee 1 to 4 GHz

E * Modulation bandwidth................. DC to 1 GHz

g * Biphase accuracy..........cuoeeereruens +1°

g e Amplitude accuracy...........cceueee +0.1 dB

E * Modulator to RF isolation........... 40 dB

NG /

The unusually high port-to-port isolation of MITEQ’s BMA Series of biphase modulators makes them well-suited for
directly modulating microwave carriers in the linear RF or linear IF modulation modes. The latter or carrier driven
mode is useful for low BER digital transmission using Gaussian shaped pulses for minimum bandwidth. Optional
diodes are available for more output power using proportionally greater input LO or carrier power. TTL drivers are
also available (BMT Series). The specifications shown below are for the modulation driven mode (linear RF). An
optional model (-CD) can be ordered and tested in the carrier driven or linear modulation mode.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 1 4
RF power dBm Noise +5
RF VSWR 1.25 t0 3.75 GHz Ratio 2:1
IF frequency range GHz DC 1
IF current (antiparallel diode input) mA -10 +10

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Biphase accuracy 1to 4 GHz Degrees 1 3

1.5t0 3 GHz 0.5 2
Biphase amplitude balance IF =+10 mA dB 0.1 0.3
Switch loss IF =+10 mA dB 4 5
Isolation RF in to RF out RF = +10, IF = Off dB 30 35
IF in to RF in RF = +10, IF = Off dB 40
IF in to RF out RF = +10, IF = Off dB 40

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range (modulated carrier) 1.25t0 3.75 GHz 1 4
RF power at 1 dB compression dBm 0

\ RF VSWR Mode 2 Ratio 1.5:1 /
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BMAO104LAT1MD MODULATION DRIVEN TYPICAL TEST DATA

INPUT/OUTPUT VSWR BIPHASE AMPLITUDE BALANCE
6:1 0.5
0.4
5:1 5 03 3
s | s 02 €
= 41 01
é “ E 0 1 E
ot N g k-]
= 31— S -0.1 o
cg \ = k]
- g -0.2 8
2:1 > = -
RN INPUT PN = 8.2 &
\\—- P 7 =U. -y
141 OUTPUT S 05 n
1 1.6 2.2 2.8 3.4 4 1 1.6 2.2 2.8 3.4 4
FREQUENCY (GHz) FREQUENCY (GHz)
0 INSERTION LOSS (STATIC) BIPHASE BALANCE
5
—— —— 10 mA 4
= 10 ] A o 3
o = S =
8 20 \/-\_/—\\—/A/_\——/ 2.5 mA = 1
= ~"TJ—1 | —F—"F—1 J1om E 0 ==
20~ +—T—T1~ _JoezmA = 1 —
&5 —~— T T—t—T—T— ] ——+——{310mA =i
n w -2
R e e e e e s e W LB
— T | 1 N T J¥%m =& A
0mA -
50 " .
1 1.6 2.2 2.8 3.4 4 1 1.6 2.2 2.8 3.4 4
FREQUENCY (GHz) FREQUENCY (GHz)
MAXIMIUM RATINGS GENERAL NOTE
Specification temperature ...................... +25°C 1. Linear RF or modulation driven mode (RF = 0 dBm, IF = £10 mA).
Operating temperature..........cccceeevvevneene -54 to +85°C
Storage temperature ...........ccceeeeeiieieens -65 to +95°C
NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
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2 fiatg) MODIN 090 [2.29] == ==
k NOTE: All dimensions shown in brackets [ ] are in millimeters. /
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2 TO 8 GHz LINEAR RF BIPHASE MODULATOR

MODEL: BMAO208LW2MD (Modulation Driven)

FEATURES

The unusually high port-to-port isolation of MITEQ’s BMA Series of biphase modulators makes them well-suited for
directly modulating microwave carriers in the linear RF or linear IF modulation modes. The latter or carrier driven
mode is useful for low BER digital transmission using Gaussian shaped pulses for minimum bandwidth. Optional
diodes are available for more output power using proportionally greater input LO or carrier power. TTL drivers are
also available (BMT Series). The specifications shown below are for the modulation driven mode (linear RF). An

RF frequency range .........ccccerun.
Modulation bandwidth................

Biphase accuracy.....ccccccceeeveeenenns +2°
Amplitude accuracy ..........cceeuueee +0.2 dB
Modulator to RF isolation.......... 40 dB

2 to 8 GHz
DC to 2 GHz

optional model (-CD) can be ordered and tested in the carrier driven or linear modulation mode.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 2 8
RF power Mode 2 dBm Noise +5
RF VSWR Ratio 2:1
IF frequency range GHz DC 2
IF current (antiparallel diode input) mA -10 +10

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Biphase accuracy 210 8 GHz Degrees 2 7.5

3to 6 GHz 1 2
Biphase amplitude balance IF =+10 mA dB 0.2 0.5
Switch loss IF =+10 mA dB 3 5
Isolation RF in to RF out RF = +10, IF = Off dB 30 35
IF in to RF in RF = +10, IF = Off dB 40
IF in to RF out RF = +10, IF = Off dB 40

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range (modulated carrier) GHz 2 8
RF power at 1 dB compression dBm 0

Mode 2 Ratio 2.5:1

RF VSWR
-
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BMAO208LW2NMD MODULATION DRIVEN TYPICAL TEST DATA

61 INPUT/OUTPUT VSWR 10 BIPHASE AMPLITUDE BALANCE
0.8
5:1 3 06 S
oc 04 =}
S 4 £ 02 £
=2 i 5
< E 0 e R — §
o 31 -
= 3 BN\ = 02 o
L e 7 S = -04 0
= I s N g Y = 3
21 et S RF 410 o = 06 <]
e~ v S < (=
= -0.8 0
R —_— =
1:1 -1.0 o
2 3.2 4.4 5.6 6.8 8 2 3.2 4.4 5.6 6.8 8
FREQUENCY (GHz) FREQUENCY (GHz)
0 INSERTION LOSS (STATIC) 10 BIPHASE BALANCE
— T | T tom = 8
@ 10 o 6
= L—y 1 | — N L
g —— 5mA O 4
B0 I F——F [ g 2 /
; 2.5mA E ] A— ]
= N om S L
'C_C 30 -] 1 £ m "'DJ -2
LU W -4
= 40 omA T -6
o
-8
50 -10
2 3.2 4.4 5.6 6.8 8 2 3.2 4.4 5.6 6.8 8
FREQUENCY (GHz) FREQUENCY (GHz)
MAXIMIUM RATINGS GENERAL NOTE
Specification temperature e +25°C 1. Linear RF or modulation driven mode (RF = 0 dBm, IF = £10 mA).
Operating temperature........... .... -54 10 +85°C
Storage temperature ..........cccceeenneen. -65 to +95°C
NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
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2 TO 18 GHz LINEAR RF BIPHASE MODULATOR

MODEL: BMAO218LA1TMD (Modulation Driven)

" FEATURES

g * RF frequency range.........ccccureun. 2 to 18 GHz / \
g « Modulation bandwidth ............. DC to 0.5 GHz

E  Biphase accuracy.........cevreenene +5°

; e Amplitude accuracy .......ccccee...e. +0.5 dB

g « Modulator to RF isolation......... 20 dB

This double-balanced multioctave mixer is suitable for general purpose biphase modulator applications. When the
diodes are driven by the carrier power (mode 1), a 10 to 15 dB IF amplitude control is possible. In the modulation
driven mode, close, biphase control of the carrier is possible over a wide RF dynamic range. The specifications
shown below are for the modulation driven mode (linear RF). An optional model (-CD) can be ordered and tested
in the carrier driven or linear modulation mode.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 2 18
RF power dBm Noise +5
RF VSWR Ratio 2:1
IF frequency range GHz DC 0.5
IF current (antiparallel diode input) mA -10 +10

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Biphase accuracy 2to 18 GHz Degrees 5 10

3to 17 GHz 2 5
Biphase amplitude balance IF =+10 mA dB 0.5
Switch loss IF =+10 mA dB 3 5
Isolation RF in to RF out RF = +10, IF = Off dB 18 20
IF in to RF in RF = +10, IF = Off dB 15
IF in to RF out RF = +10, IF = Off dB 30

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range (modulated carrier) GHz 2 18
RF power at 1 dB compression dBm 0

\ RF VSWR Ratio 2.5:1 /
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BMAO218LATMD MODULATION DRIVEN TYPICAL TEST DATA

61 INPUT/OUTPUT VSWR 5 BIPHASE AMPLITUDE BALANCE
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|
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40 <
0--20
50
0.5 5 9 13 17 21 0.5 5 9 13 17 21
FREQUENCY (GHz) FREQUENCY (GHz)
MAXIMUM RATINGS GENERAL NOTE
Specification temperature.................... +25°C 1. Linear RF or modulation driven mode (RF = 0 dBm, IF = 10 mA).
Operating temperature ...........cccceeneee. -54 to +85°C
Storage temperature ..........cccceeeveenen. -65 to +95°C

NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
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2 TO 18 GHz TTL BIPHASE MODULATOR

MODEL: BMT0218HC10MD (Modulation Driven)

M FEATURES 4 )
§ * RF frequency range...........cceou.. 2to 18 GHz
o .
: e Biphase accuracy.....cccc.cccceveerenn +5°
= o Amplitude accuracy ........o.eu... +0.5 dB
3 -
2 * Rise time .......ccccviivvniernnnsnnsceeneens 10 ns
g e Switching speed......ccccccevrmeernne 30 ns
* RFinput.....ccoocccerrececereseeeens +15 dBm (P1 dB)

MITEQ’s Model BMT0218HC10MD TTL-controlled biphase modulator is ideal for BPSK modulation over broad fre-
quency ranges with extremely high input carrier levels (up to +20 dBm). The power handling capability is suited to
simulator systems using high-level VCOs avoiding the requirement of an additional external amplifier. Since this is
a TTL or modulation driven unit, the RF input-to-output power relation is linear up to the compression level.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF carrier frequency range GHz 2 18
RF carrier VSWR Ratio 2.8:1 3.5:1
RF carrier power (linear) Operating dBm +15 +20

Nonoperating dBm +23
TTL modulation rate MHz DC 30
DC power supply +5 VDC mA 30

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Insertion loss dB 4, 6
Carrier suppression dBc 20 25
Switching speed 50% TTL to 90% RF ns 30
Switching rise/fall time 10 to 90% RF ns 10
Phase balance (0 or 180°) Degrees +5 +10
Amplitude balance (0 or 180°) dB +0.5 +0.75

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
Modulated RF frequency range GHz 2 18
Modulated RF VSWR Ratio 2.8:1 3.5:1

\Video leakage From 2 to 18 GHz dBm -65 /




BMTO0218HC10MD MODULATION DRIVEN TYPICAL TEST DATA
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MAXIMUM RATINGS
Specification temperature .................. +25°C
Operating temperature ...........ccccuee.n.e. -54 to +85°C
Storage temperature ..........ccccceeenee. -65 to +125°C
Weight ..o, 26 grams
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NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
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6 TO 18 GHz LINEAR RF BIPHASE MODULATOR

MODEL: BMAOG18LA1TMD (Modulation Driven)

4] FEATURES e ™~
Q * RF frequency range.........ccccureun. 6 to 18 GHz

E e Modulation bandwidth............... DC to 0.5 GHz

g * Biphase accuracy.........cceeeeuruens +5°

é e Amplitude accuracy .........cccuvn. +0.75 dB

§ e Modulator to RF isolation......... 35 dB

NG /

The unusually high port-to-port isolation of MITEQ’s BMA Series of biphase modulators makes them well-suited for
directly modulating microwave carriers in the linear RF or linear IF modulation modes. The latter or carrier driven
mode is useful for low BER digital transmission using Gaussian shaped pulses for minimum bandwidth. Optional
diodes are available for more output power using proportionally greater input LO or carrier power. TTL drivers are
also available (BMT Series). The specifications shown below are for the modulation driven mode (linear RF). An
optional model (-CD) can be ordered and tested in the carrier driven or linear modulation mode.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 6 18
RF power dBm Noise +5
RF VSWR Ratio 2:1
IF frequency range GHz DC 0.5
IF current (antiparallel diode input) mA -10 +10

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Biphase accuracy 6 to 18 GHz Degrees +5 +10

81to 16 GHz +2 +5
Biphase amplitude balance IF =+10 mA dB +0.75
Switch loss IF=+10 mA dB 4 6
Isolation RF in to RF out RF = +10, IF = Off dB 20 35
IF in to RF in RF = +10, IF = Off dB 20
IF in to RF out RF = +10, IF = Off dB 30

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range (modulated carrier) GHz 6 18
RF power at 1 dB compression dBm 0

\ RF VSWR Ratio 2.5:1 /
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BMAOG18LATMD MODULATION DRIVEN TYPICAL TEST DATA

INPUT/OUTPUT VSWR BIPHASE AMPLITUDE BALANCE
6:1
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51 g 15 g
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S L poe - 2.0 9
11 e & | @
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FREQUENCY (GHz) FREQUENCY (GHz)
INSERTION LOSS (STATIC) BIPHASE BALANCE
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] 1 5mA 20
— E———— 2.5 mA 5
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% 99 — 031ImA S 5 SR
% _// I =
= 30 Q5
o
3 & -10
= 40 T 15
-20
50
6 8.4 10.8 13.2 15.6 18 6 8.4 10.8 13.2 15.6 18
FREQUENCY (GHz) FREQUENCY (GHz)
MAXIMUM RATINGS GENERAL NOTE
Specification temperature.................... +25°C 1. Linear RF or modulation driven mode (RF = 0 dBm, IF = £10 mA).
Operating temperature ...........cccceeneee. -54 to +85°C
Storage temperature .........c.ccooeeeveenee. -65 to +95°C
NOTE: Test data supplied at 25°C; insertion loss and biphase accuracy.
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APPLICATION NOTES FOR BIPHASE
MODULATORS AND DSB UPCONVERTERS

The double-balanced mixer is useful for modulator and upconverter applications, but the methods and circuit bal-
ance required are somewhat different for each application.

The upconverter is typically used to raise the frequency of an existing modulated signal from the VHF/UHF range
into the microwave spectrum. In the process, two signals are generated above and below the applied LO or car-
rier signal. Carrier leakage is usually not important for the upconverter because a bandpass filter can be used to
eliminate this widely separated signal. Either the IF or RF can be used to turn on the diodes depending upon
whether the output harmonics of the IF or RF are important. In general, the linear signal input power is kept at least
5 dB below the diode drive signal for compression levels of less than -1 dB.
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Biphase modulator applications usually require double-balanced mixers with superior carrier rejection (LO-to-RF
isolation). For this application, the modulation sidebands are close to the carrier and unwanted carrier leakage will
introduce biphase output spectrum errors (the relationship between these variables are discussed in the Q and A
section of this catalog). High-frequency biphase modulated signals have traditionally been generated by using a
low-frequency torrid type mixer with 40 to 50 dB LO-to-RF isolation as a narrow band modulator and a second-
stage upconverter mixer/LO with any necessary filters to clean up the spectrum. Recently, better baluns and small
corrective DC offset voltages have been used in the 1 or 20 GHz range to improve the isolation of double-balanced
mixers so that direct (on-carrier) modulation without a separate upconverter is possible. MITEQ has improved the
balance (-45 dB) of traditional microwave mixers so that special direct on-carrier biphase modulators up to 30 GHz
are possible. The Model BMAO104LA1MD is an example of a unit with multioctave baluns (1 to 4 GHz) yielding
+2° and +0.1 dB biphase accuracy. Furthermore, data rates of DC to 1 GHz are possible with reduced accuracy.
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\
0.5 TO 2 GHz SINGLE-SIDEBAND UPCONVERTER OR I/G MODULATOR

MODEL: SDMO0502LC1MD * (Modulation Driven)

3 FEATURES 4 N
§ * RF output/carrier input................ 0.5 to 2 GHz
& « Modulation bandwidth ................ DC to 500 MHz (Q) L ® e
g e Carrier input linear power .......... Up to +5 dBm o &
é e Modulation input power.............. +7 to +13 dBm ﬁ b
S * Sideband suppression................ 25 dB % EL—
o Carrier rejection.......ccceeceeveeerannens 33dB s & : '
e Modulation options: ﬁ@ s
Single sideband..........cccceceemnnnnee A,Band C
(internal hybrid)
I/Q modulator.........ccccevvriemrrniinnns Q (separate inputs) K /
QPSK digital........ccccrrvmmmmmrrnnnninnnns SMT (TTL input)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs modulation drive. All modulators yield a
frequency spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters,
however, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the
input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modu-
lators have the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode
(optional) designs can only be driven at modulation rates of less than 30 MHz, but will yield output RF powers
exceeding +5 dBm. This modulation driven unit is used when the RF input has a wide dynamic range, such as for
military and commercial Doppler frequency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 0.5 2
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm) dBm +7 +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 7 10
Carrier suppression dBc 30 33
Sideband suppression upconverter mode (Note 2)

Carrier — fundamental IF dBc 15 25
Carrier £2 IF, 4 IF, etc. dBc 50
Carrier 3 IF dBc 10
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +7.5 +10
Quadrature amplitude accuracy dB +1 +1.5

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 0.5 2
\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /
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SDMO0502LC1MDQG MODULATION DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 -90 +180
1/Q ++ -1+ +- i
1/G MODE (RF = 0 dBm, I/Q = +10 dBm or +10 mA)
s
QPSK AMPLITUDE BALANCE (MAX./MIN.) 05 QPSK PHASE BALANCE (MAX./MIN.) 8
c
2 20 B
o
S 15 5 15 o
S 1 2 10 2
< 05 = & o 5 B
:EI —~— | — % / N T (=]
(== = 0 =]
L - \ i} \ c
S 05 s 5 9
= / o 0
= -1 o -10
a <
= -15 T -15
< 5 -20
-25 25
05 07 08 10 11 13 14 16 1.7 19 2 05 07 08 10 11 13 14 16 1.7 19 2
RF FREQUENCY (GHz) RF FREQUENCY (GHz)

SDMI0502LC1MDC MODULATION DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
5 6.7 29 39 44 51 12 27
.75 7 23 42 53 53 10 33
1 7.1 28 42 54 52 1 30
1.25 7.6 28 38 56 54 12 31
15 7.6 25 36 54 54 1 33
1.75 8.1 30 34 56 52 10 26
2 8 19 31 51 46 10 30
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ........................ -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ............o......... 65 to +125°C 2. Standard units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SDM0502LC1MD_*_
A = 20-40 MHz
B = 40-80 MHz
C =100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.
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0.5 TO 2.0 GHz TTL GPSK MODULATOR

MODEL: SMT0502LC1MD (Modulation Driven)

4] FEATURES e ™~
a * RF/LO Coverage.........cccrrsrunmerrnnas 0.5 to 2.0 GHz
E e TTL-controlled | and Q inputs
g o Amplitude accuracy........cceeeen... +0.5 dB
g e QPSK phase accuracy................ +5°
g e Switching speed.......ccccccvrrumrrrnnes 30 ns
* Rise time......ccoccmmrrriininiinenennnnnenns 10 ns

- /
MITEQ’s Model SMT0502LC1MD quadrature phase-shift keying (QPSK) modulator is designed for rapid digital
TTL-control applications. For example, two channels (I/Q) of isolated digital modulation can be transmitted in the
same bandwidth as required for one biphase modulator.
INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF carrier GHz 0.5 2
RF carrier level (maximum) dBm 0 +3
RF VSWR 50 ohm reference Ratio 2:1 2.5:1
IF modulation input 2 BITS TTL
DC power +12 volts mA 150
-12 volts mA 150
TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Insertion loss dB 7 10
Quadra-state phase balance Degrees +5 +10
Quadra-state amplitude balance dB +0.5 +1.5
Switching speed (50% TTL to 90% RF) ns 10 30
Modulation to RF output isolation dB 25
Carrier suppression dBc 18 25
OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 0.5 2
RF VSWR 50 ohm reference Ratio 2.5:1
Output phase matrix TTL LEVELS PHASE UNITS
0 0 Ref. Degrees
1 0 90 Degrees
1 1 180 Degrees
\ 0 1 270 Degrees /
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SMTO502LC1MD MODULATION DRIVEN TYPICAL TEST DATA

RF = 0 dBm, I/Q = TTL

STATIC AMPLITUDE BALANCE STATIC PHASE BALANCE
+2.5 +2.5
s
— o
S 415 — 415 e
) — 180° i = +90° >
w — 0° S =
S 405 ¥ o +5 ¥ - o
i _'/\\A — 7 A (2) = -;;'.\."\‘..»\ P el '/-/{‘ :
% ot~ /T N S 7 s gl D 3
w 05 < -5 (=]
= L+ 90° = — 0/180° 2
> c
= 2 9
= -15 T -15 =
= o 0
<
0.5 0.8 1.1 1.4 1.7 2 0.5 0.8 1.1 1.4 1.7 2
FREQUENCY (GHz) FREQUENCY (GHz)
SMTO0502LC1MD MODULATION DRIVEN OUTPUT SPECTRUM TABLE
Frequency fo +IF fo-IF fo fo-21IF fo+2IF fo-31IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
Wi 0.5 -5.6 -25.9 -45.9 -37.9 -46.4 -12.4 -30.8
Ea 0.6 -5.9 -26.8 -34.3 -43.4 -47 -10.1 -37.9
<5 0.7 -6.2 -28 -33.3 -45.9 -44.8 -9.9 -30.6
Mo 0.8 -6.1 -21.7 -35 -46 -45.9 -10.6 -33.5
=T 0.9 -5.8 -28.4 -36.5 -46.4 -47.7 -1141 -37.8
2 = 1 -5.7 -26.8 -38.3 -48.4 -49.7 -1 -31.8
E & 1.1 -6 -26.4 -42.4 -47.1 -49.1 -10.8 -36.7
e 1.2 -5.9 -26.8 -45.2 -47.1 -47.6 -11.2 -40
Fu 1.3 -6.3 -26 -49.6 -46.1 -47.4 -10.5 -38.9
=k 1.4 -6.6 -30.5 -48.4 -46.8 -47.2 -10.4 -35.4
z S 1.5 7 -31.5 -44.7 -46 -46.9 -10.3 -33
5 o 1.6 -74 -28.6 -41.5 -45.8 -47.1 -10.2 -35.3
OoF 1.7 7.7 -25.6 -39.9 -46.7 -45.5 -10.3 -45.7
1.8 -7.7 -24.9 -36.2 -47.8 -43.7 -10.4 -30.4
1.9 72 -26.8 -31.5 -46.9 -40.5 -1 -30.3
2 -6.5 -24 -28.1 -47.2 -37 -11.4 -41.5
Worst case 7.7 -24 -28.1 -37.9 -37 -9.9 -30.3
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Conversion loss is relative to RF carrier input (O dBm).
Operating temperature ... -54 t0 +85°C 2. RF =00dBm, I/Q =TTL. _
Storage temperature ... 65 to +125°C 3. PIN diode for high level operation (RF = +20 dBm).

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance.
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1 TO 2 GHz GPSK MODULATOR

MODEL: SDM0102LC1MDG
FEATURES

* RF output/carrier input.............. 1to 2 GHz
¢ Modulation bandwidth............... DC to 500 MHz (Q)
« Carrier linear input..........cocueeeee. Up to +5 dBm
* Modulation input power............ +7 to +13 dBm
- Sideband suppression.............. 25dB
« Carrier isolation..........cccueerriuaen 35dB
« Modulation options:
QPSK digital.........coorsnmmmnnnrrinnnnnns SMT (TTL input)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs modulation drive. All modulators vyield a
frequency spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters,
however, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the
input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modu-
lators have the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode
(optional) designs can only be driven at modulation rates of less than 30 MHz, but will yield output RF powers
exceeding +5 dBm. This modulation driven unit is used when the RF input has a wide dynamic range, such as for
military and commercial Doppler frequency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

~

(Modulation Driven)

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 1 2
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation current mA +7 +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 7
Carrier isolation dBc 35
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25

Carrier £2 IF, 4 IF, etc. dBc 45

Carrier £3 IF dBc 10

Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees 5 +7
Quadrature amplitude accuracy dB +0.5 +0.75

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 1 2

K RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 J
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SDMO0102LC1MDG MODULATION DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 -90  +180
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MAXIMUM RATINGS

Specification temperature.................... +25°C
Operating temperature .... -54 t0 +85°C
Storage temperature ...........ccocceee -65 to +125°C

OUTLINE DRAWING

RF CONNECTORS SMA FEMALE
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NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance.
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GENERAL NOTES

1. Conversion loss is relative to RF carrier input (0 dBm).
2. Relative to desired output sideband.

3. PIN diode for high level operation (RF = +20 dBm).
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1 TO 4 GHz SINGLE-SIDEBAND UPCONVERTER (OR 1/G) MODULATOR

MODEL: SMO0O104LC1MD * (Modulation Driven)

§ FEATURES e N\
a * RF output/carrier input................ 1to 4 GHz e
E - Modulation bandwidth ............... DC to 500 MHz (Q) o @ «
= - Sideband suppression................ 25 dB ’;;-\@ ®
3 . : e
2  Carrier isolation...........ccceeemrrrrnnne 35dB ® e
S - Modulation options: A o'
Single sideband.........cc.cccceemnueee A,Band C ' ® e
(internal hybrid) é@) ®
1/Q modulator.........cccevreviiiisnncennns Q (separate inputs) '

\_

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs modulation drive. All modulators vyield a
frequency spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters,
however, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the
input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modu-
lators have the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode
(optional) designs can only be driven at modulation rates of less than 30 MHz, but will yield output RF powers
exceeding +5 dBm. This modulation driven unit is used when the RF input has a wide dynamic range, such as for
military and commercial Doppler frequency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

.
€

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 1 4
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm input) dBm +7 +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 11
Carrier isolation dBc 27 37
Sideband suppression upconverter mode(Note 2)

Carrier — fundamental IF dBc 12 20
Carrier 2 IF, 4 IF, etc. dBc 45
Carrier £3 IF dBc 10
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +15 +17.5
Quadrature amplitude accuracy dB 120 2.5

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 1 4
K RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.51 /
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SM0104LC1MDG MODULATION DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 -90  +180
1/Q +/+ -/+ +/- i
1/Q MODE (RF = 0 dBm, I/Q =+10 dBm or 10 mA) =
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RF FREQUENCY (GHz) RF FREQUENCY (GHz)

SMO0104LC1MDC MODULATION DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz)

Frequency fo + IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
1 8.8 26 39 50 51 13 29
1.5 6 36 43 52 53 11 30
2 5.7 37 45 48 53 12 26
25 7.2 22 48 49 50 9.5 26
3 6.5 25 44 47 52 1 28
35 7.3 30 40 51 54 11.5 26
4 9.8 27 46 46 45 10 24
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature ..........c........... +25°C 1. Insertion loss relative to +3 dBm input. All other outputs
Operating temperature ...............cccoe.we.... -54 t0 +85°C are relative to the desired upper (fo + fm) output.

2. Standard SSB units with IF hybrids are aligned for upper sideband
operation. For lower sideband or selectable sideband, contact MITEQ.
*3. Available part numbers: SM0104LC1MD _*_
A = 20-40 MHz
B = 40-80 MHz
C = 100-200 MHz
Q = DC-500 MHz

Storage temperature ...........cccoeceieeienns -65 to +125°C

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAMS
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1 TO 4 GHz SINGLE-SIDEBAND UPCONVERTER

MODEL: SMEO104LI1MD * (IF Driven)

4] FEATURES e ™
§ * RF output/carrier input .......... 1to 4 GHz ';::IT

: e Modulation bandwidth............ DC to 500 MHz (Q) .

g e Modulation input power......... +10 to +13 dBm

é ¢ Sideband suppression........... 30dB

g e Carrier rejection............cceeuueen 25 dB r

e Modulation options:

Single sideband...................... A,Band C
(internal hybrid)

I/Q modulator .........cccceeerinnnees Q (separate inputs)

QPSK digital......cccccrrrrniiirinnnces SMT (TTL input)

- /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency (test
data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest speed and
bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can only be dri-
ven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF driven unit
is used when the RF input has a wide dynamic range, such as for military and commercial Doppler frequency or
phase-shift generation. Enhanced sideband rejection (30 dB typ.) is obtained by using a multiple 90° cancellation
circuit which is unique to MITEQ’s design.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 1 4
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 10 12
Carrier suppression dBc 18 28
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25 30
Carrier £2 IF, 4 IF, etc. dBc 40
Carrier 3 IF dBc 13
Quadrature phase accuracy, I/Q mode (see Graph Key) Degrees +5
Quadrature amplitude accuracy dB +0.75

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 1 4
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1

N
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SMEO104LI1MDQ IF DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 -90  +180
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SMEO104LI1MDC IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

1 10.4 27 25 42 46 19 34

15 9.7 36 28 38 39 14 51

2 7.4 32 34 35 40 12 36

2.5 7.8 34 26 36 52 16 38

3 10.1 36 33 43 33 15 33

3.5 7.2 34 22 34 39 18 29

4 10 29 19 37 40 17 35
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to +3 dBm input. All other outputs, including fo,
Operating temperature ... -54 to +85°C are relative to the desired upper (fo + f) output. _
Storage temperature ... 65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband, contact MITEQ.
*3. Available part numbers: SMEO104LITMD_*_
A = 20-40 MHz
B = 40-80 MHz

NOTE: Test data supplied at 25°C; 82 E(é)_—ggg ,\I\,fHHZZ

insertion loss, phase and amplitude balance per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAMS
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2 TO 4 GHz SINGLE-SIDEBAND UPCONVERTER

IVIODEL: SSMO0204(+)C2MD(* *)

(7]
: FEATURES e ™
- ¢ RF output/carrier input................ 2to 4 GHz
o
: e IF bandwidth........ccoirieeees DC to 500 MHz (Q)
o . . e
5 e Linear RF input........cccocmmrrrrinnnnnes Up to +5 dBm & 3 “;
§ ¢ |F input power.........ccoeecmmerrrrrniinnns +10 to +13 dBm () .“"5
= e Sideband suppression................ 24 dB
e Carrier rejection........cccccceemrrrinnns 30dB
¢ |F options:
Single sideband..........cccceevieernnnee A,Band C
(internal hybrid)
Multioctave IFs .........ccceevvmmmnnnnns Q (separate inputs) K /
All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation. If desired, higher rejection of the undesired sideband is possible with the SME
model series.
ELECTRICAL SPECIFICATIONS
INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 4
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +6
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm input) dBm +10 +13
TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 9
Carrier suppression dBc 20 30
Sideband suppression (Note 2)
Carrier — fundamental IF dBc 20 24
Carrier £2 IF, 4 IF, etc. dBc 45
Carrier 3 IF dBc 10
Truth table SSM0204(x)C2MDQ PORT RF <LO| RF>LO
I 0 -90
Q -90 0
OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 2 4
\ RF VSWR (RF =-10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /
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SSMO0204LC2MDC IF DRIVEN OUTPUT SPECTRUM TABLES

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz) (Upper sideband)

Frequency fo +IF fo - IF fo fo-2IF fo+2IF fo-3IF fo+3IF S
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) S
Note 1 E
2 6.6 243 263 40 389 49 366 =
22 6.3 -28.5 247 -52 -39.3 133 -34 =
2.4 -6.1 -26.5 -25.3 -54.7 -40.1 -12.5 -32.4 o
2.6 -6.7 -23.4 -25.3 -50.3 -40.3 -11.3 -29.9 0
2.9 -7.5 -22.5 -26.3 -51.2 -39.9 -11.4 -28.4 8
3.1 -7.5 -21.9 -28 -48.4 -41.5 -12.5 -31.5 c
3.3 -1.7 -21.6 -30.3 -46.9 -42 -12.7 -35.1 2
3.6 -7.2 -21 -34 -45.4 -43.4 -13 -45.6 (7))
3.8 -6.3 -22.2 -33.8 -44.3 -43.7 -13.5 -45.7
4.0 -7.6 -21.4 -28.4 -43.2 -43.2 -12.9 -38.8

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz) (Lower sideband)

Frequency fo +IF fo - IF fo fo-2IF fo+2IF fo-3IF fo+31IF
(GHz) (dBc) (.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

2 -234 -6.6 -24.9 -38 -49.7 -334 -14.2

2.2 -30.1 -6.2 -24.8 -40.2 -50.1 -34.7 -13.2

2.4 -48.6 -6 -25.3 -40.7 -47.8 -35.8 -134

2.6 -34 -6.2 -26 -40 -49.5 -36.4 -13.2

2.9 -31.3 -74 -26.6 -39 -47 -36.1 -12.2

3.1 -30.3 -7.5 -28.8 -39.8 -44.3 -38.6 -12.2

33 -28.1 -7.8 -30.7 -41.3 -43 -51.9 -12.3

3.6 -25.9 -6.9 -34 -41.9 -43.5 -45.2 -12.9

3.8 -22.5 -6.8 -33 -41.8 -41.8 -40.3 -12.5

4.0 -22.2 -7.1 -28.9 -42.4 -41.3 -43.7 -12.5
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs, including
Operating temperature ...........cccee...... -54 to +85°C fo, are relative to the desired upper (fo + fm) output. _
Storage temperature ...................... -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband,
contact MITEQ.

Model Number Option Table

() LO Power P1 (**) IF
Add Range dB  Add Frequency
Letter (dBm) (dBm) Letter (MHz)

L 10-13 +6 A 20-40

M 13-16 +10 B 40-80

H 17-20 +15 C 100-200

\_ Q DC-500(/Q)

*3.

NOTE: Test data supplied at 25°C; per spectrum table.

OUTLINE DRAWINGS
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2 TO 8 GHz SINGLE-SIDEBAND UPCONVERTER

IVIODEL: SSMO0208(+)C2MD(* *)

(7]
4] FEATURES e ™
a * RF output/carrier input................ 2 to 8 GHz
o .
: ¢ |IF bandwidth............ccccecmrrrrrnnneee DC to 500 MHz (Q)
g ¢ Linear RF input.......cccocreecurerencnnes Up to +5 dBm @ &%
w—d .
2 o |F input power.......cccvrrrnnnssssnsnnnnns +10 to +13 dBm & ‘wﬁ
(<] . .
= ¢ Sideband suppression................ 24 dB
e Carrier rejection.......ccccccevrrrrrrinnnes 30dB
¢ |F options:
Single sideband..........ccccccerrrenneee A,Band C
(internal hybrid)
Multioctave IFs .........ccccccecmmennnnnnn Q (separate inputs) K /
All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation. If desired, higher rejection of the undesired sideband is possible with the SME
model series.
ELECTRICAL SPECIFICATIONS
INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 8
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm input) dBm +10 +13
TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 9
Carrier suppression dBc 20 30
Sideband suppression (Note 2)
Carrier — fundamental IF dBc 18 24
Carrier 2 IF, 4 IF, etc. dBc 45
Carrier 3 IF dBc 10
Truth table SSM0208(x)C2MDQ PORT RF <LO| RF>1LO
| 0 -90
Q -90 0
OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 2 8
\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /
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SSMO0208LC2MDC IF DRIVEN OUTPUT SPECTRUM TABLES

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz) (Upper sideband)

Frequency fo + IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) 2
Note 1 8
2 -6.6 -24.3 -26.3 -40 -38.9 -14.9 -36.6 (=
2.4 -6.1 -26.5 -25.3 -54.7 -40.1 -12.5 -32.4 ;
2.9 -75 -22.5 -26.3 -51.2 -39.9 -114 -28.4 5'
3.3 7.7 -21.6 -30.3 -46.9 -42 -12.7 -35.1 n
3.8 -6.3 -22.2 -33.8 -44.3 -43.7 -13.5 -45.7 o
43 -6.8 -23 -26.4 -42 -43.2 -13 -33.8 g
4.7 -7.4 -23.8 -23.4 -39.7 -42.1 -12 -30.8 =)
5.2 -7.5 -20.5 -22.4 -36.7 -43.4 -12.5 -40.5 g
5.6 -6.8 -19.1 -27.8 -35.6 -48.7 -12.8 -47 a'
6.1 -7.2 -21.9 -32.9 -38 -39.1 -11.2 -41.7
6.6 -6.8 -29.5 -43.4 -42.2 -37.7 -12.7 -34.7
7.0 -6.7 -21.6 -37.3 -42 -38.6 -13.5 -32.7
7.5 -7.3 -19.3 -39 -40.4 -40.4 -124 -32.2
8 -8.4 -19.6 -35.8 -38.2 -40.2 -12 -27.2

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz) (Lower sideband)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (dBc) (I.L., dB) (dBc) (dBe) (dBe) (dBe) (dBe)
Note 1
2 -234 -6.6 -24.9 -38 -49.7 -33.4 -14.2
2.4 -48.6 -6 -25.3 -40.7 -47.8 -35.8 -13.4
29 -31.3 -7.4 -26.6 -39 -47 -36.1 -12.2
383 -28.1 -7.8 -30.7 -41.3 -43 -51.9 -12.3
3.8 -22.5 -6.8 -33 -41.8 -41.8 -40.3 -12.5
4.3 -21.1 -7.5 -25.5 -40.8 -40.5 -39.8 -12.5
4.7 -26.5 -7.6 -22.5 -39.2 -37.5 -32.2 -11.8
5.2 -29.6 -7.5 -22.5 -42.1 -34.6 -28.6 -11.7
5.6 -20.3 -7 -28.9 -48.9 -36 -28.9 -11.8
6.1 -24.5 -6.6 -34.8 -42.6 -40.7 -34 -12.36
6.6 -45.5 -7 -48 -38.9 -41.9 -36.9 -11.9
7.0 -26.3 -6.6 -38.5 -38.9 -414 -34.2 -13.4
7.5 -25.2 -6.3 -40 -40.6 -40.9 -32 -15.5
8 -19.9 -7.8 -38 -40.3 -40.3 -28 -14.3
MAXIMUM RATINGS GENERAL NOTES (CONT.)
Specification temperature.................... +25°C *3.
Operating temperature ............c........... -54 to +85°C Model Number Option Table
Storage temperature ........ccceviieineen. -65 to +125°C () LOPower P1 () IF
GENERAL NOTES Add  Range dB  Add Frequency
1. Insertion loss relative to 0 dBm RF input. All other outputs, including Letter (dBm) (dBm) Letter (MHz)
fo, are relative to the desired upper (fg + fm) output. L 10-13 +6 A 20-40
2. Standard SSB units with IF hybrids are aligned for upper sideband M 13-16 +10 B 40-80
operation. For lower sideband or selectable sideband, contact MITEQ. H 17-20 +15 C 100-200

k Q DC-500(I/Qy
NOTE: Test data supplied at 25°C; per spectrum table.
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2 TO 8 GHz SINGLE-SIDEBAND ENHANCED UPCONVERTER

MODEL: SMEO208LI1MD *_ (IF Driven)

§ FEATURES e
a * RF output/carrier input .......... 2 to 8 GHz
E o IF bandWidth ....c.eeeeeereeeseeenne DC to 500 MHz (Q)
g e Linear RF input.....c..ccccveeerune Up to +5 dBm
é e |IF input power.........ccceviinnnnees +10 to +16 dBm
g ¢ Sideband suppression........... 35dB
e Carrier rejection..........c.cceeuueen 25 dB
¢ |F options:
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ...........ccu...ee. Q (separate inputs)
- /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency (test
data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest speed and
bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can only be dri-
ven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF driven unit
is used when the RF input has a wide dynamic range, such as for military and commercial Doppler frequency or
phase-shift generation. Enhanced sideband rejection (30 dB typ.) is obtained by using a multiple 90° cancellation
circuit which is unique to MITEQ’s design.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 8
RF VSWR (RF = 0 dBm, IF modulation = +13 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm Noise 0 +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm +10 +13 +16

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 12
Carrier suppression dBc 20 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25 35
Carrier £2 IF, 4 IF, etc. dBc 40
Carrier +3 IF dBc 13

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 2 8
\ RF VSWR (RF = 0 dBm, IF modulation = +13 dBm) Ratio 2.5:1 /
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SMEQO208LI1MDA TYPICAL IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +13 dBm total, IF = 30 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF =
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) o
Note 1 =
2 -8.4 -31.8 -37.4 -40.6 -49.8 -12.8 -35.4 ;
2.25 -8 -44.6 -34.6 -46.1 -51.2 -13.2 -37.4 5'
2.5 7.1 -44.6 -37.5 -55.2 -44.7 -14 -35.6 o
2.75 -7.4 -42.3 -39.7 -52.4 -42.8 -14.4 -35.1 o
3 -7.4 -43.3 -36.1 -47 -44.6 -13.9 -41.1 g
3.25 =71 -49.4 -32.5 -7 -48.6 -14 -41.4 o
&5 -7 -40.1 -28.3 -41.3 -41.9 -14.2 -51.9 g
3.75 -8 -42 -28.3 -43.2 -40.9 -12.4 -33.9 =
4 -7.8 -30.3 -29.1 -46.3 -41.3 -13.2 -42.4 o
4.25 -7.8 -39.1 -30.3 -57 -38.8 -14.7 -33.8
4.5 -8.1 -29 -28.8 -51.6 -40.5 -15.2 -45.2
4.75 -8.4 -28.9 -28.9 -46 -41.4 -13.9 -37.4
5 -7.8 -41 -30.7 -43.9 -46.5 -14 -45.3
5.25 -8.3 -33.2 -42.3 -50.8 -44.4 -12.9 -41.6
515 -8.6 -36.4 -30.5 -53.9 -47.8 -13.1 -47 1
&7 -8.3 -33.4 -30 -49.3 -45.4 -12.9 -35.7
6 -9.6 -33.5 -29.2 -41.9 -38.6 -14 -34.2
6.25 -9.1 -31.7 -36.5 -41.3 -46.5 -14.8 -38.2
6.5 -8.6 -34.3 -24.3 -37.9 -37.5 -13.9 -41.5
6.75 -8.8 -33.5 -20.5 -41.2 -39.4 -12.9 -40.4
7 -9.2 -31.3 -22.9 -37.5 -45 -13.3 -53.7
7.25 -9.3 -30.3 -26.3 -35.2 -31.6 -12.9 -49.3
7.5 -9.3 -32 -25.9 -48.7 -30.2 -13 -32
7.75 -10 -37.6 -25.8 -37.8 -36.4 -16.3 -33.5
8 -10.1 -27.7 -26.4 -35.1 -40.4 -15.8 -28.4
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.... ... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ....... ... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ..........ccccooo.c..... -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SME0208LI1MD *_
A =20-40 MHz
B = 40-80 MHz
C =100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; per spectrum table.
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4 TO 8 GHz SINGLE-SIDEBAND UPCONVERTER

IVIODEL: SSMO0408(+)C2MD(* *)

FEATURES
¢ RF output/carrier input................ 4 to 8 GHz / \
¢ IF bandwidth ........cccoooiriiiinnininnes DC to 500 MHz (Q)
e Linear RF input........ccoevviiiiiiinnnnnn Up to +5 dBm & ﬁ;";l
o IF iNPUL POWET -.reeeereeerreeerreeneee +10 to +13 dBm @ ...
e Sideband suppression................ 25 dB
e Carrier rejection........cccceceeemrrnnnns 30dB
¢ |F options:

Single sideband...........ccccceriineee A,Band C

(internal hybrid)
Multioctave IFs .........cccccevvmmmnnnnnne Q (separate inputs)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation. If desired, higher rejection of the undesired sideband is possible with the SME
model series.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 4 8
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm input) dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 9
Carrier suppression dBc 20 30
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 18 25

Carrier £2 IF, 4 IF, etc. dBc 45

Carrier 3 IF dBc 10

Truth table SSM0408(x)C2MDQ PORT RF < LO RF > LO
I 0 -90
Q -90 0

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 4 8

\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1

~
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SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 30 MHz) (Upper sideband)

SSMO0408LC2MDA IF DRIVEN OUTPUT SPECTRUM TABLES

Frequency fo + IF fo - IF fo fo-2IF fo+2IF fo-3IF fo+3IF S
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) 8
Note 1 (=
4 -6.2 -34.2 -29.2 -38.9 -44.8 -11.3 -31 E
45 -6.6 -27.2 -25.1 -36.6 -53.3 -10.5 -29.8 (=]
5 -6.6 -22.9 -24.3 -37.3 -42 -11.3 -35.8 L
55 -6.5 -21.4 -23 -42.2 -37.3 -11.8 -59.4 B
6 -6.8 -215 -22.2 -40.7 -39.7 -11.2 -34.6 (=]
6.5 7.2 -26.7 -27.5 -39.3 -36.8 -11.3 -33.1 g
7 -7.4 -28.9 -26.3 -46.3 -37 -11.5 -38.6 g
7.5 -7.6 -21.3 -25.3 -39.8 -37.4 -10.7 -29.1 n
8 -7.8 -18.8 -22.5 -37.9 -40.1 -11.1 -22.3

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 30 MHz) (Lower sideband)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (dBc) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
4 -31 -6.2 -29.1 -42.5 -38.2 -35.4 -1
45 -24.5 -6.3 -25.7 -50.7 -37.9 -30.1 -11.8
5 -20.9 -6.8 -24.1 -46.6 -37 -28.9 -11.3
589 -21.3 -6.6 -23 -36.7 -41 -33.9 -11.6
6 -24.5 -6.6 -22.6 -38.1 -41 -29.9 -11.9
6.5 -25.5 -7.4 -27.6 -36.6 -39.3 -3141 -10.9
7 -34.7 -7.4 -26.2 -35.9 -46.9 -30.9 -11.7
7.5 -26.4 /3 -25.4 -36.9 -40.3 -26.1 -11.8
8 -18.9 -8 -22.5 -40.6 -37.6 -21.1 -11.3
MAXIMUM RATINGS GENERAL NOTES
Specification temperature +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs, including
Operating temperature .......... .. -54 t0 +85°C fo, are relative to the desired upper (fo + fm) output.

2. Standard SSB units with IF hybrids are aligned for upper sideband
operation. For lower sideband or selectable sideband,
contact MITEQ.

Storage temperature ...........cccccoceee -65 to +125°C

*3.
Model Number Option Table
() LO Power P1 (**) IF
Add Range dB  Add Frequency
Letter (dBm) (dBm) Letter (MHz)
L 10-13 +6 A 20-40
M 13-16 +10 B 40-80
H 17-20 +15 C 100-200

Q DC-500(I/Qy

NOTE: Test data supplied at 25°C; per spectrum table. K
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8 TO 12 GHz SINGLE-SIDEBAND UPCONVERTER

IVIODEL: SSMO0812(+)C2MD(* *)

4] FEATURES e ™~
a * RF output/carrier input .......... 8 to 12 GHz
E « Modulation bandwidth ........... DC to 500 MHz (Q) o
g e Linear RF input.....c..ccccveeerune Up to +5 dBm >
é e |IF input power.........ccceviinnnnees +10 to +13 dBm
g ¢ Sideband suppression........... 25 dB
e Carrier rejection..........c.cceeuueen 35dB
¢ |F options:
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ...........ccu...ee. Q (separate inputs)
- /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation. If desired, higher rejection of the undesired sideband is possible with the SME
model series.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 8 12
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (50 ohm) dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 9
Carrier suppression dBc 20 30
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 20 25

Carrier £2 IF, 4 IF, etc. dBc 45

Carrier 3 IF dBc 10

Truth table SSM0812(x)C2MDQ PORT RF <LO | RF>L0
| 0 -90
Q -90 0

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 8 12

\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /




/
SSMO0812LC2MDC IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz) (Upper sideband)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBe) (dBc) (dBc) (dBc) (dBe) §
Note 1 =}
8 -7.8 -31.3 -32.3 -46.9 -47.2 -11.4 -27.9 E
8.2 -7.8 -32.7 -32.9 -46.6 -46.3 -11.2 -26.1 =
8.4 -7.8 -30.9 -34.2 -47 -46.3 -11.4 -25.9 g
8.6 -7.5 -30.8 -35.4 -47.3 -46.3 -10.9 -25.5 o
8.8 -7.5 -32.6 -36 -47.9 -46 -11.4 -26.5 b
9 -7.5 -30.7 -36.8 -46.6 -45.4 -1141 -26.9 8
9.2 -7.9 -29.8 -35.1 -44.4 -42.8 -1141 -27.6 c
9.4 -8 -34.6 -32.7 -45 -42.6 -11.4 -29.1 2
9.6 -8.2 -35.1 -32.7 -44.3 -43.7 -1 -30.4 (71}
9.8 -8 -34.3 -32.8 -44.8 -45.3 -11.4 -33.4
10 -8 -32.3 -32.8 -44.5 -46.4 -11.5 -32
10.2 -7.9 -29 -32.9 -44.3 -49.9 -10.9 -27.7
10.4 -1.7 -27.3 -33.4 -441 -50.8 -11.7 -26.7
10.6 -1.7 -25.3 -34.6 -43.7 -50 -12.5 -25.5
10.8 -7.4 -24.3 -36.2 -42.1 -47.5 -12.5 -25.4
11 -7.4 -23.4 -38 -42.1 -45.4 -12.7 -26.4
11.2 -7.2 -24.3 -39.9 -42.9 -42.5 -13.3 -26.4
11.4 -7.8 -26.7 -41.8 -43.6 -41.5 -11.6 -25.6
11.6 -8.2 -29.9 -44.9 -44.4 -40.2 -11.2 -24.2
11.8 -8.4 -37.6 -46.8 -45.9 -40.4 -1 -24
12 -8.4 -38.1 -46.1 -45.9 -40.2 -104 -24.1
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.... ... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ....... ... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ............ccccoo...... -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3.

Model Number Option Table

() LO Power P1 (**) IF
Add Range dB  Add Frequency
Letter (dBm) (dBm) Letter (MHz)

L 10-13 +6 A 20-40

M 13-16 +10 B 40-80

H 17-20 +15 C 100-200

K Q DC-SOO(I/Qy

NOTE: Test data supplied at 25°C; per spectrum table.
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2 TO 18 GHz TTL GQPSK DIGITAL MODULATOR

MODEL: SMT0218LC1MD (Modulation Driven)

FEATURES

* RF/LO coverage..........coeeummnrrrenn 2to 18 GHz

e TTL-controlled | and Q inputs

* Phase accuracy .........coeeeummeenrenas +8° typical

e Amplitude accuracy .........ccceeeu. +0.75 dB typical
* Delay time .....cccccerrriiiiicnnennnnnnnns 30 ns maximum

MITEQ’s Model SMT0218LC1Q quadrature phase-shift keying (QPSK) modulators are designed for rapid digital

TTL control applications. This device can be used in EW or radar simulator applications or in communication test

systems. For example, two channels (I/Q) of isolated digital modulation can be transmitted in the same bandwidth

as required for one biphase modulator.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF carrier GHz 2 18
RF carrier level (Note 1) dBm 0 +3
RF VSWR 50 ohm reference Ratio 2.5:1
IF modulation 2 bits TTL
DC power +12V mA 20
-12V mA 20
TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Insertion loss dB 9 12
Quadra-state phase balance Degrees +8 +15
Quadra-state amplitude balance dB +0.75 +1.5
Switching speed (50% TTL to 90% RF) ns 10 30
Modulation to RF output isolation dB 25
Carrier suppression 50 ohm reference dBc 18 25
OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 2 18
RF VSWR 50 ohm reference Ratio 2.5:1
Output phase matrix TTL LEVELS PHASE UNITS
Note: 8 and 12 BIT TTL versions also available for smaller phase 0 0 Ref. Degrees
increments, such as in vector modulators. 1 0 90 Degrees
1 1 180 Degrees
\ 0 1 270 Degrees /

~




SMTO0218LC1MD MODULATION DRIVEN TYPICAL TEST DATA
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MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. PIN diodes for +20 dBm RF inputs.
Operating temperature ............c........... -54 to +85°C 2. Analog I/Q inputs for QAM.
Storage temperature ............c..cceeee -65 to +125°C

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance.
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2 TO 18 GHz SINGLE-SIDEBAND UPCONVERTER OR 1/G MODULATOR

MODEL: SM0218LC1MD * (Modulation Driven)

'  FEATURES e ™
3
a * RF output/carrier input.............. 2 to 18 GHz
E e Carrier input linear power ........ Noise to +5 dBm - ® EP
E * Modulation input power............ +10 to +13 dBm o 5 L
§ ¢ Sideband suppression.............. 20dB 'ﬁfﬁ 3
S o Carrier rejection........cccceeeeeeuruene 25 dB ‘# ﬂnﬁ'
®

¢ IF options: . C—
Single sideband.........c.cccceuun.... A,BandC ﬁﬂ,w
(internal hybrid)
I/Q modulator.........ccccccmmrrrrrninnnes Q (separate inputs)
QPSK digital......ccccrrrirmmerniinnnnns SMT (TTL input)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs modulation drive. All modulators yield a fre-
quency spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, how-
ever, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input
LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have
the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional)
designs can only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5
dBm. This IF driven unit is used when the RF input has a wide dynamic range, such as for military and commercial
Doppler frequency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 18
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 9 13
Carrier suppression dBc 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 15 20
Carrier £2 IF, 4 IF, etc. dBc 25
Carrier 3 IF dBc 10
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +7.5
Quadrature amplitude accuracy dB +0.75

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 2 18
\ RF VSWR (RF =-10 dBm, IF = +10 dBm) Ratio 2.5:1 /




SM0218LC1MDQG MODULATION DRIVEN TYPICAL TEST DATA

1/Q MODE (RF = 0 dBm, 1/@ = +10 dBm or 10 mA)

Graph Key
RF Phase (Deg.) 0 +90 90  +180
11Q ++ I+ +/- i
PHASE BALANCE

STATIC AMPLITUDE BALANCE
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= =
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2 +2 S 420
= 7 &)
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S =
S 2 2 20
o <C
= =

4 40

2 10 18 2
FREQUENCY (GHz)

SM0218LC1MDC MODULATION DRIVEN OUTPUT SPECTRUM TABLE

10 18
FREQUENCY (GHz)

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

2 9 19 18 32 38 11 27

4 9 27 33 49 44 12 28

6 8 30 31 34 40 16 25

8 8 40 37 46 4 13 30

10 8 25 31 40 42 11 26

12 8 25 30 40 40 11 25

14 9 23 29 40 38 11 21

16 10 32 19 37 37 10 30

18 11 25 29 35 37 12 27
MAXIMUM RATINGS GENERAL NOTES
Specification temperature .................. +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature .... -54 t0 +85°C including fo, are relative to the desired upper (fg + fy) output.

Storage temperature

-65 to +125°C

2. Standard units with IF hybrids are aligned for upper sideband
operation. For lower sideband or selectable sideband,

contact MITEQ.

*3. Available part numbers: SM0218LC1MD_*_

A = 20-40 MHz
B = 40-80 MHz
C = 100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAMS
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6 TO 18 GHz SINGLE-SIDEBAND UPCONVERTER

IVIODEL: SSMO0618(+)C2MD(* *)

FEATURES e ™
* RF output/carrier input................ 6 to 18 GHz
¢ IF bandwidth .........cceceveereerrnrrenne DC to 500 MHz (Q) & ﬁ;qt;
e Linear RF input.......ccccecmmrrrrrninnnee Up to +5 dBm
e |F input power.......ccceeeeeeeereeeeennnns +10 to +13 dBm
¢ Sideband suppression................ 20 dB
e Carrier rejection.......ccccccevrrrrrrinnnes 25 dB
e Modulation options:
Single sideband..........cccceceemnnnnee A,Band C
(internal hybrid)
Multioctave IFs .........cccoecerricnnennn. Q (separate inputs)
- /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 6 18
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF frequency range (Note 3) MHz DC 500
IF power range (50 ohm input) dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 12
Carrier suppression dBc 20 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 18 20

Carrier £2 IF, 4 IF, etc. dBc 35

Carrier 3 IF dBc 13

Truth table SSM0618(x)C2MDQ PORT RF <LO | RF>L0
| 0 -90
Q -90 0

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 6 18

\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /

~
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SSMO0618LC2MDA IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 30 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) §
Note 1 o
6 -9.6 -25.7 -26.1 -40.4 -33.1 -13.8 -35.6 E
6.5 -8.8 -27.5 -27.2 -36.6 -33 -13.9 -29.9 a
7 -7.8 -24.8 -27.1 -34.9 -36 -14.6 -32.2 o
7.5 -8.5 -22.9 -23 -34.4 -34.8 -13.3 -27.7 L
8 7.7 -20.5 -26.4 -37.2 -32.4 -12.5 -27 B
8.5 -53 -20.4 -26 -37.9 -32.3 -11.8 -29.7 8
9 -7 -21.7 -28.4 -38.6 -32.3 -12.2 -34.8 c
95 -8 -24.7 -31.6 -34.7 -32.8 -13.3 -27.9 2
10 -5.1 -32.4 -31.8 -33 -35.4 -14.2 -27.4 n
10.5 -9.2 -28.1 -29.2 -32.5 -34.9 -13.9 -29.1
11 -7.3 -23.7 -27.5 -32 -37.3 -14.2 -32.7
11.5 -6.7 -21 -26.6 -31.9 -32.6 -11.7 -38
12 -7.6 -21.9 -25.9 -37.1 -30 -11.8 -34.8
12.5 -7.6 -23.2 -24.8 -40.1 -28.7 -12 -28.7
13 -8.2 -34 -23.4 -34.3 -30.5 -12.2 -30.4
13.5 -8.8 -25.9 -22.7 -35 -31.8 -12.2 -31.7
14 -8.6 -21.8 -23.1 -33.7 -30.4 -13 -33.7
14.5 -8.7 -20.8 -24.8 -30.8 -30.9 -13.8 -31.1
15 -9.9 -19.6 -27.8 -28.7 -33.5 -15.2 -35.9
15.5 -9.6 -20.1 -33.2 -28.2 -34.7 -14.5 -31.9
16 -8.4 -20.7 -37.2 -28.7 -31.7 -13.9 -30.3
16.5 -9.1 -21.7 -29.1 -29.9 -28.5 -12 -33.3
17 -8.9 -24.9 -28.3 -34.4 -26.5 -11.7 -31.9
17.5 -8.8 -32.5 -26.3 -42.1 -27.5 -13.1 -31.3
18 -8.6 -19.2 -26.9 -35.7 -30.3 -13.7 -37.4
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.

2. Standard SSB units with IF hybrids are aligned for upper
sideband operation. For lower sideband or selectable sideband,
contact MITEQ.

Storage temperature -65 to +125°C

*3.
Model Number Option Table
(*) LO Power P1 (**) IF
Add Range dB  Add Frequency
Letter (dBm) (dBm) Letter (MHz)
L 10-13 +6 A 20-40
M 13-16 +10 B 40-80
H 17-20 +15 C 100-200

K Q DC-500(I/Oy
NOTE: Test data supplied at 25°C; per spectrum table.
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6 TO 18 GHz SINGLE-SIDEBAND ENHANCED UPCONVERTER

MODEL: SMEOG618LI1MD * (IF Driven)

4] FEATURES e ™
a * RF output/carrier input .......... 6 to 18 GHz %:;r
E o IF bandWidth ....c.eeeeeereeeseeenne DC to 500 MHz (Q) A
g e Linear RF input.....c..ccccveeerune Up to +5 dBm
é e |IF input power.........ccceviinnnnees +10 to +16 dBm
g ¢ Sideband suppression........... 35dB r
e Carrier rejection..........c.cceeuueen 30dB
¢ |F options:
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ...........ccu...ee. Q (separate inputs)
- /

All SSB upconverters require that at least one of the input frequency bands (carrier or IF) has sufficient power to
turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF 90° hybrid to
yield only one RF sideband output. This is offset above or below the input LO by the IF frequency (test data is
recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest speed and band-
widths, but yield RF output powers of typically less than 0 dBm. Greater output power can be achieved by using
higher level diodes with proportional increases in carrier power. This IF driven unit is used when the RF input to RF
output must be linear (low harmonics). Enhanced sideband rejection (30 dB typ.) is obtained by using a multiple
90° cancellation circuit which is unique to MITEQ’s design.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 6 18
RF VSWR (RF = 0 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm Noise 0 +5
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total I/Q) dBm +10 +13 +16

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 9 13
Carrier suppression dBc 23 30
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25 35
Carrier 2 IF, 4 IF, etc. dBc 40
Carrier 3 IF dBc 10

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 6 18
RF VSWR (RF = 0 dBm, IF modulation = +10 dBm) Ratio 2.5:1

\_ /
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SMEOG618LI1MDB IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = O dBm, IF = +13 dBm total, IF = 60 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+31IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) S
Note 1 ]
6 -10.9 -29.7 -31.9 -47.9 -49.9 -11.8 -36.3 c
6.5 -10.4 -32.3 -31.3 -51 -471 -13.3 -41.6 B
7 -9.8 -46.5 -31 -51.8 -49.9 -13.1 -33 5'
7.5 -9.9 -32 -34.3 -51.7 -49.1 -11.8 -32.2 k-]
8 -9.1 -41.4 -36.4 -50.6 -49.3 -11.3 -411 B
8.5 -9.4 -31.1 -38.5 -51.2 -50.6 -10.7 -39.8 o
9 -10 -36.2 -40.5 -48.1 -48 -10.7 -37.6 g
9.5 -9.3 -34 -38.9 -46.6 -52.3 -12.7 471 0
10 -9.7 -40.2 -35.5 -45.6 -50 -11.6 -39.7 T
10.5 -10.1 -32.4 -34.3 -44.9 -47.8 -11.3 -43.6
11 -9.4 -34.7 -36.3 -46.8 -48.9 -11.8 -46.4
11.5 -9.4 -38.3 -37.8 -48.4 -45.2 -11.2 -34
12 -10.6 -45.2 -47.2 -47.7 -44.9 -10.4 -38.4
12.5 =102 -32.6 -41.2 -48.6 -46.7 -10.2 -34.3
13 -10.2 -26.4 -39.3 -51 -44.4 -10.1 -36.5
13.5 =103 -28.7 -34.2 -47.9 -42.4 -9 -37
14 -10.4 -25.5 -33.9 -44 -46 -10.4 -38.4
14.5 =07 -26.8 -33.3 -45.8 -46.9 -1 -40.6
15 -10.8 -30.7 -29.4 -45.2 -471 -12.1 -35.9
15.5 {17 -29.3 -29.4 -40.1 -441 -11.6 -39.5
16 -11.6 -36 -28.5 -40.4 -40.1 -10.5 -38.7
16.5 =12 -36.7 -27.8 -44.5 -39.5 -10.1 -34.4
17 -11.2 -41.2 -26.6 -43.5 -44.5 -9 -42.3
17.5 -12.4 -29.5 -27.6 -42 -39.3 -9.7 -32
18 -12.8 -30.9 -25.1 -42.3 -37.1 -10.5 -35.1
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ... 65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SME0618LITMD *_
A = 20-40 MHz
B = 40-80 MHz
C =100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAM

SMEO618LI1VIDB
RF CONNECTOR SMA FEMALE
2.50[63.50] (TYP. 4 PLACES)
|e———— 2.350[59.69) ——»=| 50 SMEOG18LI1MDA, B and C
| —r| | 075[1.905] e [T |- — — — —— — — — — — |
500 RF F o= | 25016.35] o o s IF

[12.70] Ei IN 1 5,(25 T f ﬁ\‘F S [ o H®L 0 90° 1| « |58

3 o] 1250 | |

1500 f mT=n [31.75] |
(3.10] gt 1750 | | F

200 RF iD i»éq [44.45) | R®L |« USB

[50.80] out o=E| SSB % J !
" |7 e I = L+ » our

2 1©: UPCONVERTER = _ ===
re)
I e |
- |=—250(6.35]
MOUNTING HOLES 100 [2.54] DIA. THRU
b 4 PACES TERATN
FINISH: NICKEL
K NOTE: All dimensions shown in brackets [ ] are in millimeters. /




(1)
=
o
=2
(=]
(=]
o
o
o
E
<
-l
=2
(=]
(=]
=

12 TO 18 GHz SINGLE-SIDEBAND UPCONVERTER

MIODEL: SSM1218(+)C2MD(* *)

FEATURES e ™
* RF output/carrier input.......... 12 to 18 GHz
e |IF bandwidth.................ccc........ DC to 500 MHz (Q) e
e Linear RF input......cccecevemnnene Up to +5 dBm & B
¢ IF input power.........cccceeveeruenn. +10 to +13 dBm @ :;Tﬁ
e Sideband suppression........... 25 dB =7
e Carrier rejection........ccccceerrrrnn. 30dB
e Modulation options:

Single sideband............ccc....... A,Band C

(internal hybrid)
Multioctave IFs ..........ccccuun.e. Q (separate inputs)
- /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 12 18
RF VSWR (RF =-10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF modulation frequency range (Note 3) GHz DC 500
IF modulation power range (50 ohm input) dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 10 12
Carrier suppression dBc 20 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 18 23

Carrier £2 IF, 4 IF, etc. dBc 35

Carrier 3 IF dBc 10

Truth table SSM1218(x)C2MDQ PORT RF < LO RF > LO
I 0 -90
Q -90 0

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 12 18

\ RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 2.5:1 /
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SSM1218LC2MDC TYPICAL IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 100 MHz)

Frequency fo +IF fo - IF fo fo-2IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) 2
Note 1 8
12 -8.8 -20.8 -28.3 -37.2 -33.3 -10.9 -20.3 c
12.5 -9.2 -20.1 -28.7 -38.5 -33.4 -10.4 -20.1 5
13 -9.4 -23.3 -28.6 -37.1 -35.5 -9.9 -22.1 5'
13.5 -8.6 -27.1 -27.7 -36.4 -38 -12 -25.1 0
14 -9.3 -27.5 -28.1 -36.9 -36.5 -9.6 -25.4 i)
145 -8.5 -30.2 -24.2 -38.9 -36.6 -11.2 -25.6 g
15 -8.3 -28.3 -29.1 -45.1 -35.7 -12.1 -26.8 =]
15.5 -8.7 -36.4 -29.9 -43.5 -39.3 -13 -27.8 g
16 -8.8 -44 -29.7 -41.1 -44.8 -115 -29.2 T
16.5 -8.9 -315 -37.6 -37.4 -42.3 -10.3 -28.7
17 -9.2 -29.3 -36 -36.9 -38.2 -10.1 -26.2
17.5 -9 -29.8 -35.7 -36.9 -335 -10.4 -29.5
18 -9.7 -335 -29.9 -40.2 -32.8 -10.8 -27.4
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature ..........cccccee... +25°C 1. Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ..............ccocou...... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.

2. Standard SSB units with IF hybrids are aligned for upper
sideband operation. For lower sideband or selectable sideband,
contact MITEQ.

Storage temperature -65 to +125°C

*3.
Model Number Option Table
(x) LO Power P1 (**) IF
Add Range dB  Add Frequency
Letter (dBm) (dBm) Letter (MHz)
L 10-13 +6 A 20-40
M 13-16 +10 B 40-80
H 17-20 +15 C 100-200

o

Q DC-500(I/Qy

NOTE: Test data supplied at 25°C; per spectrum table.
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2 TO 26 GHz SINGLE-SIDEBAND UPCONVERTER

MODEL: SM0226LC1MD *_ (IF Driven)

: FEATURES e ™
a * RF output/carrier input .......... 2 to 26 GHz
[ . &
& ¢ IF bandWidth ....eeereereeeveeesee. DC to 500 MHz (Q) @ ?
g e Linear RF input.....c..ccccveeerune Up to +5 dBm e ® A
é ¢ IF input POWer.......cccceeeeenenen. +10 to +13 dBm 'ﬁl
g e Sideband suppression........... 25 dB ﬂm ;1?
e Carrier rejection..........c.cceeuueen 25 dB &

e Modulation options:
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ...........ccu...ee. Q (separate inputs) \ /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs IF drive. SSB upconverters employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs can
only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm. This IF
driven unit is used when the RF input has a wide dynamic range, such as for military and commercial Doppler fre-
quency or phase-shift generation.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 26
RF VSWR (RF = -10 dBm, IF modulation = +10 dBm) Ratio 1.5:1
RF power at 1 dB compression (IF = +10 dBm) dBm +5
IF frequency range (Note 3) MHz DC 500
IF power range (50 ohm input) dBm +10 +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 12 15
Carrier suppression dBc 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 15 20
Carrier £2 IF, 4 IF, etc. dBc 45
Carrier 3 IF dBc 10

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 2 26
\ RF VSWR (RF =-10 dBm, IF modulation = +10 dBm) Ratio 2.5:1
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SM0226LC1MDA TYPICAL IF DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = 0 dBm, IF = +10 dBm total, IF = 30 MHz)

Frequency fo +IF fo - IF fo fo-2IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc) s
Note 1 8
2 -8.6 -174 -22.3 -46.8 -43.8 -9.2 -26.4 =
3 -8.1 -24.6 -27.2 -55 -60.9 -1 -29.2 E
4 -8.4 -24.4 =271 -48.5 -48.1 -10.8 -29.5 o
5 7.7 -21.1 -39.6 -57 -47.8 -11.9 -27.5 —
6 -8.7 -20.5 -38.9 -53.3 -44.9 -12.3 -30 B
7 -9.4 -24.4 -39.4 -471 -44.6 -10.9 -28.3 (=]
8 -7.6 -25.6 -30.1 -42.6 -47.5 -11.5 -3141 g
9 -9.5 -26.5 -27 -47.7 -41.6 -11.6 -26.8 0
10 -9 -25.4 -26.5 -48.1 -43.3 -10.9 -28 a'
11 -9 -29 -26.9 -41.5 -46 -10.6 -26.8
12 -8.9 -25.4 -27.3 -42.1 -46.4 -10.8 -27.3
13 -8.4 -22.6 -28.2 -41.4 -43.7 -11.4 -25.8
14 -9.5 -21.5 -26 -43.2 -38.5 -10.3 -25.8
15 -9.9 -26.6 -26.4 -40.1 -40.3 -11.3 -26.8
16 -8.9 -30.5 -26.7 -38.1 -46.4 -10.2 -25.8
17 -9.1 -21.7 -29.7 -46.8 -39.7 -1 -24.5
18 -9.8 -30.3 -29.5 -40 -44.4 -1 -23.2
19 -10.9 -22.5 -25.2 -38.4 -37.2 -9.2 -27
20 -11.8 -23.8 -27.9 -38.5 -42.6 -10.9 -27.3
21 -12.3 -26.5 -26.9 -40.1 -37.2 -11.2 -22.9
22 -12.6 -30.5 -24 -37.8 -38.6 -12 -24.2
23 -13.7 -19.8 -27.5 -30 -36.6 -10.6 -21.8
24 -12.7 -17.2 -23.9 -33.3 -28.7 -10.9 -23.7
25 -13.8 -22.1 -27.7 -32.4 -32.8 -13.2 -26.9
26 -14.3 -28.3 -18.5 -28.2 -32.3 -11.5 -24.4
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C . Insertion loss relative to 0 dBm RF input. All other outputs,
Operating temperature ............c........... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ..........c.cc.ccoee.... -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SM0226LC1MD _*_
A = 20-40 MHz
B = 40-80 MHz
C =100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; per spectrum table.
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APPLICATION NOTES FOR GPSK AND GAM
MODULATORS

MITEQ’s high-isolation biphase modulators are useful in quadrature coupled matched pairs for “Direct On-Carrier”
QPSK and QAM applications. The QPSK modulator is, traditionally, used to apply more information on the RF car-
rier because each component (I or Q) biphase modulator acts in quadrature to keep its information separated while
using the same common RF bandwidth. Greater amounts of information or (bits/symbol) are possible if each quad-
rature channel has more than two amplitude states (+1). For example, 16 QAM employs four amplitude states (1,
+0.5) in each quadrature channel. However, QAM modulators and some QPSK modulators (with bandwidth restric-
tion filters) require a linear amplitude response to insure that each modulation level or “constellation” remain undis-
torted.
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Linear | and Q modulators require that the modulation envelope be transferred to the RF without distortion or spec-
tral spreading. In order to accomplish this, an RF or carrier driven QPSK modulator is required with | and Q inputs
of 0 dBm typical and RF +10 dBm. The higher carrier power level of this operating mode makes carrier to output
(LO-to-RF) isolation especially important so that QPSK phase and amplitude accuracy is maintained. The Model
SMC0206LI11CD QPSK modulator is an example of high-isolation (50 dB LO to RF) mixers driven by the carrier at
+16 dBm which achieves +4°, +0.4 dB phase and amplitude accuracy with +10 dBm I/Q inputs. The second- and
third-harmonic suppression of 1/Q signals is typically -60 dBc relative to the desired output, thus making spectrum
spreading a negligible problem.

In general, each QPSK data sheet describes performance in either the modulation driven (linear RF) or carrier dri-
ven (linear I/Q) modes. In many cases, the hardware is identical; but the catalog test data describes and guar-
antees either QPSK amplitude/phase accuracy for the modulation driven units or sideband suppression for the car-
rier driven units. Optional data is available in both modes.

Many of the QPSK/QAM modulators in this section of the catalog are wide RF bandwidth units intended for test
and military applications. However, various specialized narrow bandwidth communication modulators have been
supplied in lower cost “drop-in” configurations including high-isolation even-harmonic (1/2 LO) units such as the
Model SML0711M8CDQ with externally combined RF outputs to allow highly balanced quadrature phase/ampli-
tude accuracy.
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1 TO 2 GHz SINGLE-SIDEBAND UPCONVERTER
MODEL: SDMO0102LC1CD *_ (Carrier Driven)

§ FEATURES e ™
a * RF output/carrier input .......... 1to 2 GHz
E « IF bandWidth ....oceeeeeeereeeeenee. DC to 500 MHz (Q) - RE®
o ; ; ®
e e Linear IF input.......cccccnrrinnenn Up to +5 dBm p
3 o ﬁ. .
2 « Carrier input power ................ +7 to +13 dBm S 3
S - Sideband suppression........... 25 dB % @'.‘r"a
« Carrier isolation.........cc.eceeunnee. 23 dB s . ® '
« Modulation options: é@ ®
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ........cccceennneeee Q (separate inputs) \ /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or IF) has suf-
ficient power to turn on the semiconductors. This model employs carrier drive. SSB upconverters employ an inter-
nal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF fre-
quency (test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the great-
est speed and bandwidths, but yield RF output powers of typically less than 0 dBm. PIN diode (optional) designs
can only be driven at modulation rates of less than 30 MHz, but will yield output RF powers exceeding +5 dBm.
This carrier driven unit is used when the IF input has a wide dynamic range and high linearity is required.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 1 2
RF VSWR (RF = +10 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF carrier power range (50 ohm input) dBm +7 +10 +13
IF power at 1 dB compression (RF = +10 dBm) dBm +5
IF frequency range (Note 3) MHz DC 500

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 10
Carrier isolation (IF = +5 dBm) dBc 25 30
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 15 20
Carrier £2 IF, 4 IF, etc. dBc 45
Carrier £3 IF dBc 10

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 1 2
\ RF VSWR (RF = +10 dBm, IF modulation = 0 dBm) Ratio 2.51 j

\ MII I — q 100 Davids Drive, Hauppauge, NY 11788 e TEL: (631) 439-9220 e FAX: (631) 436-7430 ¢ www.miteq.com
@ — & , Hauppauge, : . .miteq.
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SSB UPCONVERTER (RF = +10 dBm, IF = 0 dBm total, IF = 150 MHz)

SDMO0102LC1CDC CARRIER DRIVEN OUTPUT SPECTRUM TABLE

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
1 -9.3 -24.9 -13.3 -40.9 -45.6 -50.6 -45.3
1.1 -9.5 -25.2 -20.3 -27.8 -7 -46.8 -39.2
1.2 -9.6 -25 -19.5 -23.2 -38.9 -50.2 -41.6
13 -7.4 -26.9 -23 -39.6 -45.7 -56 -43.4
1.4 -7 -22.1 -22.8 -40.6 -45.6 -62.7 -61
1.5 -6.9 -26.6 -22.2 -44.5 -63.1 -64.2 -62.2
1.6 -6.5 -25.3 -21.8 -43.5 -57.9 -63.9 -63.4
1.7 -6.2 -24.2 -22.4 -42 -54.9 -64.6 -62.9
1.8 -5.9 -22.5 -23.1 -38 -55.5 -63.5 -63.9
1.9 -5.4 -24.6 -36.1 -38.5 -60.5 -63 -62.7
2 7.2 -33.5 -22.6 -39.2 -50.2 -63.3 -61.7
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm IF input. All other outputs
Operating temperature .................oc..... -54 to +85°C are relative to the desired upper (fo + fm) output.

Storage temperature ..........cccoeeeeenen. -65 to +125°C

NOTE: Test data supplied at 25°C; per spectrum table.
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2.7 TO 3.7 GHz SINGLE-SIDEBAND UPCONVERTER (OR 1/G) MODULATOR

MODEL: SM2737LI6CD * (Carrier Driven)

2 FEATURES /-~ ™
§ * RF output/carrier input................ 2.7 to 3.7 GHz
& * Packaging .......ccceeurvummerrsssnnnrnnnsanns Hermetically sealed ~w
E ¢ Linear modulation input............. Up to 0 dBm
é e Carrier input power ..........ccceveuneee +10 to +13 dBm
g * Sideband suppression................ 30 dB
e Carrier rejection.......ccccceeeeerrrnnns 25dB
e Modulation options:
Single sideband..........ccccceemnrnee A,Band C
(internal hybrid)
I/Q modulator.........cccceevvrimnrrnninnns Q (separate inputs)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a frequen-
cy spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, howev-
er, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO
by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have
the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power
can be achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is
used when the modulation input to RF output must be linear (low harmonics). A typical application is for digital QPSK
with cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require input-to-output signal lin-
earity, thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2.7 3.7
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm +7 +10 +13
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm Noise +5

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 6 8
Carrier suppression (IF = +5 dBm) dBc 20 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25 30
Carrier £2 IF, 4 IF, etc. dBc 40
Carrier 3 IF dBc 40
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +6
Quadrature amplitude accuracy dB +0.6

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 2.7 3.7
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.5:1

\_ /
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SM2737LI6CDA CARRIER DRIVEN TYPICAL TEST DATA

Graph Key
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SM2737LI6CDC CARRIER DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = +10 dBm, IF = 0 dBm total, IF = 200 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

2.7 6.5 33 26 46 38 47 51

29 6 33 27 46 39 44 49

3.1 5.8 33 28 44 39 44 48

3.3 5.3 32 28 43 40 43 46

315) 5 33 27 43 42 42 45

37 5.9 34 26 44 40 40 44
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to +3 dBm input. All other outputs, including fq,
Operating temperature ....................... -54 to +85°C are relative to the desired upper (fo + fm) output. _
Storage temperature .............ooo.ooo... 65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband, contact MITEQ.
*3. Available part numbers: SM2737LI6CD__ *
A =20-40 MHz
B = 40-80 MHz
C =100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.
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MODEL: SDMO0104LC1CD * (Carrier Driven)

FEATURES

¢ RF output/carrier input.............. 1 to 4 GHz

¢ Modulation bandwidth .............. DC to 500 MHz (Q)

¢ Linear modulation input............ Up to +5 dBm

e Carrier input power ..........cceeeeen. +10 to +13 dBm

¢ Sideband suppression.............. 25dB

e Carrier rejection........cccccvviueenn. 35dB

* Modulation options:
Single sideband...........ccccusiuneeen. A,Band C

(internal hybrid)

I/Q modulator.........cccoccmrrrrininnnes Q (separate inputs)

1 TO 4 GHz SINGLE-SIDEBAND UPCONVERTER (OR 1/G) MODULATOR

.

J

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a frequen-
cy spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, howev-
er, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO
by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have
the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power
can be achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is
used when the modulation input to RF output must be linear (low harmonics). A typical application is for digital QPSK
with cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require input-to-output signal lin-

earity, thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

N

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 1 4
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm +10 +13
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total I/Q) dBm Noise +5

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 10
Carrier suppression (IF = +5 dBm) dBc 30 35
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 15 25
Carrier £2 IF, 4 IF, etc. dBc 50
Carrier 3 IF dBc 40
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +6
Quadrature amplitude accuracy dB +0.6

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF frequency range GHz 1 4
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.5:1

~




SDVI0104LC1CDGQG CARRIER DRIVEN TYPICAL TEST DATA
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SDMVMI0104LC1CDC CARRIER DRIVEN OUTPUT SPECTRUM TABLE

PHASE BALANCE (DEG.)
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SSB UPCONVERTER (RF = +13 dBm, IF = +3 dBm total, IF = 100 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

1 7 19 37 47 55 32 4

1.5 6.6 29 33 47 49 25 38

2 5.1 27 36 48 53 48 63

25 6.1 32 37 47 55 48 58

3 BB 24 37 48 56 44 53

3.5 5.5 24 38 48 53 43 49

4 6.1 17 34 94 57 31 34
MAXIMUM RATINGS GENERAL NOTES
Specification temperature ...................... +25°C 1. Insertion loss relative to +3 dBm input. All other outputs,
Operating temperature ..........c..cc.cceeuen.. -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage tempPerature .............coowvveereeeeen. -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper side

contact MITEQ.
*3. Available part numbers: SDM0104LC1CD*_

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.
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RF CONNECTORS SMA FEMALE
(TYP. 4 PLACES)
| [~ 2.500 [63.50] ]| 250 [6.35]
500 [12.70] Ol ic: .y
TP i 2.000 ‘ :
1.000 [25.40] i L RFEop=(50.80] i 1.750
| - é out i [44.45]

in L ESl P2

- 075[1 905]_| 1250 [6.35]
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C

FINISH: NICKEL
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KNOTE: All dimensions shown in brackets [ ] are in millimeters.

SSB ! o
UPCONVERTER 'Z _ _ _ _ — = b———aur
SDMO0104LC1CDA
| |
m: o 90°, ®L 0° |
: X E>4>—V: RF OUT

IS e Cln = R

MODULATOR '* _ _ _ _ —_— _ _ _ _ |

band operation. For lower sideband or selectable sideband,

A =20-40 MHz
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2 TO 6 GHz GPSK/GAM MODULATOR OR SSB UPCONVERTER

MODEL: SMCO0206LI1CD * (Carrier Driven)

o FEATURES 4 N
§ * RF output/carrier input.............. 210 6 GHz
E « Linear modulation input............ Up to +10 dBm
= « Carrier input power-................... +15 to +18 dBm
g - Sideband suppression.............. 30 dB
g « Carrier rejection.........cceceerviuneen 35dB
« Options:
Single sideband..........cccccceeeunee. A,Band C
(internal hybrid)
1/Q modulator.........cccceireemnrrnnnes Q (separate inputs)

\ /

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modula-
tion) has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a
frequency spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconvert-
ers, however, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below
the input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard)
modulators have the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm.
Greater output power can be achieved by using higher level diodes with proportional increases in carrier power.
This carrier driven unit is used when the modulation input to RF output must be linear (low harmonics). A typical
application is for digital QPSK with cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also
require input-to-output signal linearity, thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 6
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm +15 +16 +18
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm Noise +13

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 12 15
Carrier suppression (IF = +13 dBm) dBc 25 35
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 23 30
Carrier £2 IF, 4 IF, etc. dBc 40
Carrier £3 IF dBc 30
Quadrature phase accuracy, I//Q mode (see Graph Key) Degrees +8
Quadrature amplitude accuracy dB +1

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 2 6
\ RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.5:1 /

\ MII I — q 100 Davids Drive, Hauppauge, NY 11788 e TEL: (631) 439-9220 e FAX: (631) 436-7430 ¢ www.miteq.com
@ — & , Hauppauge, : . .miteq.
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SMCO0206LI1CDA CARRIER DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 90  +180
1/Q (1V) ++ I+ +- -/-
1/QG MODE (RF = +16 dBm, 1/Q = +10 dBm each input (1 volt peak across 50 ohm load)
STATIC AMPLITUDE BALANGE STATIC PHASE BALANGE
= +2 +20
= =
S
(NN
S + §+10
<C  — (W]
2‘ — % ]
1 _1— | —

& REF - S eF E_\\ —
E o
= -1 & -10
o <<
= x

2 -20

2 4 6 2 4 6
FREQUENCY (GHz) FREQUENCY (GHz)

SMCO206LI1CDA CARRIER DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = +16 dBm, IF = +13 dBm total, IF = 20 MHz)

=
(=]
=)
5
=
(=]
k-]
o
0
(=]
=]
(=
Q
-
(]

Frequency fo +IF fo-IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBe) (dBe)
Note 1
2 13.8 31 39 64 65 64 65
2.5 13.1 34 56 64 65 49 67
3 13.9 30 38 66 65 61 66
35 13.6 30 39 64 64 63 64
4 13.9 31 41 63 63 62 63
45 14.4 34 37 62 62 60 63
5 15.1 34 42 61 63 57 62
5.5 14.4 35 44 63 63 58 62
6 13.8 30 35 64 64 55 64
MAXIMUM RATINGS GENERAL NOTES
Specification temperature ...................... +25°C 1. Insertion loss relative to +10 dBm input. All other outputs, including

Operating temperature............ccccceeveenenne -54 to +85°C
Storage temperature .........cccccceeveieniene -65 to +125°C

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAMS

SMCO0206LI11CDQA
g 250 [6.35] 2,50 [63.50] 24[640]
250 [6.35] 2.35 [59.69]
L‘ v 075 [1.905)
oI 500 -
Lo 75
B u: ; f : [19.05][;1_2;55]

ﬁ RF OUT _L
)ﬁj'

MOUNTING HOLES 100 [2.54] 1 TYPE SMA FIELD REPLACEABLE FINISH: NICKEL

DIA THRU (TYP. 4 PLACES) FEMALE CONNECTOR (TYP. 4 PLACES)

v ™ fessaes TR —>| [« .150[38.10]

500 [12.70] :[El

L .060 [1.600]

LI P 6.35]

fo, are relative to the desired upper (fg + fm) output.
2. Standard SSB units with IF hybrids are aligned for upper sideband
operation. For lower sideband or selectable sideband, contact MITEQ.
*3. Available part numbers: SMC0206LI1CD *_

\ NOTE: All dimensions shown in brackets [ ] are in millimeters.

A =20-40 MHz
B = 40-80 MHz
C = 100-200 MHz
Q = DC-500 MHz

SMCO206LIM1CDA, B and C
/- - - _—-—_ - == - = |

RF
IN

SSB
UPCONVERTER

I/a
MODULATOR

INvIT=cy

100 Davids Drive, Hauppauge, NY 11788 o
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3.7 TO 6.4 GHz DIRECT SATELLITE 1/G TEST MODULATOR

MODEL: SDMO0307LI1CDQA (Carrier Driven)

§ FEATURES e N\
Q e Tri-band, C
& DOWNIINK ..cueeeereressesnnsesessesnnaens 3.7 to 4.2 GHz
g,_‘ 1] [T 5.9 to 6.4 GHz
=3 -« Direct linear I/Q modulation....... DC to 500 MHz
§ e Carrier/sideband rejection.......... 25 dB -
* Harmonic rejection...................... 30 dB
* Packaging .......cccuevvvnmmmmnnnnninininnnns Hermetically sealed

N

Microwave QAM signals are traditionally generated by linearly mixing or modulating a VHF or UHF carrier oscillator
with band limited | and Q information. The resulting phase and/or amplitude states of the carrier are then multiplied or
upconverted by another mixer, local oscillator and sideband filter to the actual transmitted frequency. I/Q modulation
has traditionally been done in this manner because lower frequency high isolation mixers tend to yield the best carrier
and sideband rejection. The latter qualities are most important for accurate I/Q phase states or transmitted signal con-
stellations. More recently at MITEQ, the electrical and physical symmetry of microwave baluns have been improved
to yield mixers with LO-to-RF isolations of 45 dB up to 18 GHz. This unit uses these mixers to achieve direct I/Q mod-
ulation of a microwave carrier without the costly lower frequency upconversion.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
Carrier frequency range GHz 3.5 6.5
Carrier VSWR RF = +16 dBm Ratio 1.5:1
Carrier power dBm +13 +16 +19
Modulation frequency range 1/Q MHz DC 500
Modulation power 1/Q (50 ohms) dBm Noise 0 +6

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Conversion loss (IF = 100 MHz) RF = +10 dBm daB 8 1
(desired output relative to 1/Q input) 1/Q =0dBm
Carrier rejection (relative to desired output) IF = +6 dBm dB 22 30
Upper or lower sideband fo £ IF dB 22 25
Second-harmonic sideband fo x2 IF dB 30 45
Third-harmonic sideband fo £3 IF dB 35 40
Insertion loss (I/Q switch mode) I/Q =+10 mA dB 10 7

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 3.5 6.5

K RF VSWR (RF =-10 dBm, LO = +10 dBm) Ratio 2.5:1




/
CARRIER DRIVEN TYPICAL TEST DATA

SDMO0307LC1CDA

AMPLITUDE TRACKING PHASE TRACKING

(RF = +16 dBm) (RF = +16 dBm) §
| +15 | |o -
5 [+ /1% 5
o
+1.0 / | o / o
B .05 o0 g 5 v 3
o . 1/ = A0 o
g0 N 4 o 0 —— =]
S 05 el — ~—T % = IS — %0 8
o -5 — -90° -
<< (&)
e 10 N = \ ®
1.5 } ~ -10
— -0° —— +90°
-15 |
3.5 41 4.7 53 59 6.9 3.5 41 4.7 53 59 6.5
FREQUENCY (GHz) FREQUENCY (GHz)
fo LEVEL: +16 dBm, 1/Q LEVEL: +4 dBm (20 MHz)
. Frequency fo +IF fo - IF fo fo-21IF fo-21IF fo-31IF fo+3IF
2 E 5 (GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Th % 35 -8 -30.2 -42.2 -48.6 475 -45.9 -50.4
453 4 -8.6 -24.5 -30.8 -48.2 -48.6 -48.6 -51.8
S F N 45 -8.8 -24.1 -27.8 -47.8 -48.1 -45.8 -52.2
58s 5 -8.9 276 -28.2 -47.6 -48.9 -42.4 517
EEQ 5.5 -8 -25 -28.7 -46.7 -48.5 -45.6 -51.7
3 6 76 -30.2 -28.9 -47 -49 -41 -52.6
T 6.5 7.7 -28.2 -343 -47.2 -49.4 427 516

Note: Upper sideband is desired output, IL is relative to total I/Q input power.

MAXIMUM RATINGS GENERAL NOTE

Specification temperature ...........c.ccc... +25°C 1. Higher output power and I/Q TTL drive circuit available.
Operating temperature..........cccceevveecieennne -54 to +85°C
Storage temperature ..........c.cccociiiiinens -65 to +125°C

NOTE: Test data supplied at 25°C; phase and amplitude tracking.
OUTLINE DRAWING

2506350 RF CONNECTORS
235 [59.69]
I s 270 [

SMA FEMALE
075 [1.91]
15(38.10]

l:: 4.‘ (TYP. 4 PLACES) 5 (6.35
)
T 1.25T '
[31.75]
LO 1.75 B
IN [44.45]L :
l | H

2.0
[50.80]
MOUNTING HOLES 25 [6.35] =

.100 [2.54] DIATHRU
TYP.4 PLACES

| le— 2.2 55.88] —»f

5[12.70] 375 [9.53]

P 50 ossqieo
[38.10]

+ -

kNOTE: All dimensions shown in brackets [ ] are in millimeters.




\
2 TO 8 GHz SINGLE-SIDEBAND UPCONVERTER OR 1/G MODULATOR

MODEL: SDMO0208LC1CD * (Carrier Driven)

Ml FEATURES e ~
'é « RF output/carrier input................ 2 to 8 GHz
E « Modulation bandwidth................. DC to 500 MHz (Q) @"
=  Linear modulation input............. Up to +5 dBm @
§ « Carrier input power ..........ccoceerueee +10 to +13 dBm ﬂ-. 4
§ - Sideband suppression................ 25 dB _...i‘@ ;_;F
« Carrier rejection........cccccevviveennnnne 20dB “"@‘ = = '
« Modulation options: éi'l@ D o
Single sideband..........cccceiuennnnnes A,Band C
(internal hybrid)
I/Q modulator..........ccceeicecnemmnnnnns Q (Separate inputs)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a frequen-
cy spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, however,
employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by
the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have the
greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power can
be achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is used
when the modulation input to RF output must be linear (low harmonics). A typical application is for digital QPSK with
cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require input-to-output signal linearity,
thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

-
@

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier input GHz 2 8
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF input power (low-level diodes) dBm +10 +13
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm Noise +7

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.

Conversion loss (Note 1) dB 7 10
Carrier isolation (RF = +13 dBm) dBc 20 30
Sideband suppression (Note 2)
Carrier — fundamental IF dBc 15 30
Carrier 22 IF, 4 IF, etc. dBc 45
Carrier £3 IF dBc 40
Quadrature phase accuracy, I/Q mode (see Graph Key) Degrees +10
Quadrature amplitude accuracy dB +1

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.
RF output frequency range GHz 2 8

\ RF output VSWR (RF = +10 dBm, IF modulation = 0 dBm) Ratio 2.5:1 /

@M IT=9

100 Davids Drive, Hauppauge, NY 11788 e TEL: (631) 439-9220 e FAX: (631) 436-7430 ¢ www.miteqg.com
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CARRIER DRIVEN TYPICAL TEST DATA
SDM0208LC1CDA RF Phase (Ocg) G Keygy g 80

++ I+ +-

1/G MODE (RF = +13 dBm, 1/Q = O dBm each input (0.316 volts peak across 50 ohm load)

AMPLITUDE ERROR (MAX./MIN.) STATIC PHASE BALANCE (MAX./MIN.)
25 25
& 2 20
S 15 7 X o 19
2 1| N 7 { S 10 A
= RN e L- . = ]
= 0(')5 \ g 2 N /\ """ -
(AT} 37 I\~ TrmmedeeeemT
g 05 = 5 —— _ N\
|: [NN}
= & 10
S 15 T 15
<< o
) -20
-2.5 -25
15 22 29 36 43 5 57 64 71 7.8 85 15 22 29 36 43 5 57 64 71 78 85
RF FREQUENCY (GHz) RF FREQUENCY (GHz)

SDMO0208LC1CDC

SSB UPCONVERTER (RF = +13 dBm, IF = +3 dBm total, IF = 100 MHz)

Frequency fo +IF fo-IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
2 -6.7 -30.7 -23.2 -58.3 -54.2 -38 -66.4
2.5 -6.2 -34.2 -22.1 -60.3 -50.5 -46.1 -62.2
3 -8 -30.8 -21.4 -62.1 -50.9 -39.2 -59.4
3.5 7.7 -46.9 -22.5 -70.6 -63.7 -47.6 -12.7
4 -7 -30.2 -22.4 -61 -58.3 -51 -71
45 -7.9 -28.1 -20.9 -70.7 -54.3 -47 -62.3
5 -9 -30.4 -19.8 -72.2 -63.6 -48.1 -73.2
5.5 6.5 -32.9 -20 -59.4 -52 -43.3 -73.7
6 -7.2 -24.5 -20.6 -51.1 -46.3 -33.3 -50.9
6.5 -7.6 -32.1 -21.5 -68.4 -50.5 -37.7 -57.2
7 -7.9 -25.4 -20.8 -63.7 -47.6 -37.7 -73.9
7.5 -10.4 -26.7 -18.5 -62.7 -61.6 -46 -64
8 -8.1 -34.7 -17.9 -65.5 -67.1 -48.8 -68.2
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature .............cccoe. +25°C 1. Insertion loss relative to +3 dBm IF input. All other outputs,
Operating temperature sreereeenn -D4 10 +85°C including fq, are relative to the desired upper (fg + fm) output.
Storage temperature ...........ccccoeeiiieenne. -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband, contact MITEQ.

*3. Available part numbers: SDM0208LC1CD_*_
A = 20-40 MHz
B = 40-80 MHz
C = 100-200 MHz

NOTE: Test data supplied at 25°C; phase and amplitude balance per spectrum table. Q = DC=500 MHz

OUTLINE DRAWING BLOCK DIAGRAMS

SDMO0208LC1CDA, B and C

RF CONNECTORS SMA FEMALE
(TYP. 4 PLACES)

i [+—2.500 [63.50] —| 250 [6.35]
500 [12.70] Iy -
f I 2.000 :
1.000 [25.40] RFoB=[50.80] (=5
(=

o 1.750 SSB
- [44.45] UPCONVERTER

IN 3 |F2 _
— 075 [1. 905] 1250 [6.35]
2350 [59.69]
MOUNTING HOLES TERMINATE UNUSED

100 [2.54] DIA. THRU
(TYP. 4 PLACES)

@rr=

TR
SIN 000K

FINISH: NICKEL
500 [12.70]
£ 25016.35] - I/a
MODULATOR =
kNOTE: All dimensions shown in brackets [ ] are in millimeters. /
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7.2 TO 8.4 GHz SATELLITE 1/G TEST MODULATOR

MODEL: SDMO0708LI3CDQ (TRI-BAND, X)

4] FEATURES e ™
a e Tri-band, X
e DOWNIINK ceeeeeeeeeeceemeeeeecenmeseessmnes 7.2 to0 7.7 GHz &3
g,_‘ UPHINK c.oereereeereeneeseeneesnsesnsesessenens 7.9 to 8.4 GHz & of
3 * Direct linear I/Q modulation......... DC to 300 MHz AP
é e Carrier/sideband rejection ........... 25 dB ﬁfg:“f-“ 0
* Harmonic rejection ........ccccceevvinnee 30dB gl
* Packaging ......ccccrrrensisssnnnmnnnnennnnnnns Hermetically sealed

Microwave QAM signals are traditionally generated by linearly mixing or modulating a VHF or UHF carrier oscillator
with band limited | and Q information. The resulting phase and/or amplitude states of the carrier are then multiplied
or upconverted by another mixer, local oscillator and sideband filter to the actual transmitted frequency. 1/Q modu-
lation has traditionally been done in this manner because lower frequency high-isolation mixers tend to yield the best
carrier and sideband rejection. The latter qualities are most important for accurate 1/Q phase states or transmitted
signal constellations. More recently at MITEQ, the electrical and physical symmetry of microwave baluns have been
improved to yield mixers with LO-to-RF isolations of 45 dB up to 18 GHz. This unit uses these new mixers to achieve
direct I/Q modulation of a microwave carrier without the costly lower frequency upconversion.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
Carrier frequency range GHz 7.2 8.4
Carrier VSWR (RF = +16 dBm) Ratio 1.5:1
Carrier power dBm +8 +10 +12
Modulation frequency range /Q MHz DC 300
Modulation power 1/Q (50 ohms) dBm Noise 0 +6

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Conversion loss (IF = 100 MHz) RF = +10 dBm dB 7.5 8.5
(desired output relative to 1/Q input) 1/Q = 0 dBm
Carrier rejection (relative to desired output) IF = +6 dBm dB 30
Upper or lower sideband fo =IF dB 23 25
Second-harmonic sideband fo +2 IF dB 20
Third-harmonic sideband fo £3 IF dB 20
Insertion loss (I/Q switch mode) 1/Q =+10 mA dB 8

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 7.2 8.4

\ RF VSWR (RF = +16 dBm) Ratio 2.5:1




/
SDMO0708LI3CDA TRI-BAND TYPICAL SPECTRUM DATA

LOWER BAND EDGE SPECTRUM UPPER BAND EDGE SPECTRUM
AND UPPER SIDEBAND OUTPUT AND UPPER SIDEBAND OUTPUT
0 RF=+10 dBm, 1/Q = +0 dBm (90°/0°) 0 RF=+10 dBm, 1/Q = +0 dBm (90°/0°)
v | Y | S
FIXED MKR FIXED MKR 8
20 | -20.3 MHz 20 20.0 MHz c
I -7.38.dB Il -7.16 dB E
-40 -40 )
i I 2
" T 0 il :
I O | . [ | =)
N W | | — S— | Ny — | p S— c
-80 -80 Q
7]
-100 -100
Center 7.5000 GHz SPAN 199.9 MHz Center 8.4506 GHz SPAN 200.0 MHz
LOWER BAND EDGE SPECTRUM UPPER BAND EDGE SPECTRUM
AND LOWER SIDEBAND OUTPUT AND LOWER SIDEBAND OUTPUT
RF=+10 dBm, 1/Q = +0 dBm (90°/0°) 0 RF=+10 dBm, 1/Q = +0 dBm (90°/0°)
3 | 1 |
FIXED MKR FIXED MKR
-20 -20.0 MHz -20 20.0 MHz
Il -6.25 dB , -7.16 dB
-40 i -40 ,
o T o i
L T L[] ) |
AT Lo f—]
-80 -80
-100 -100
Center 7.5000 GHz SPAN 199.9 MHz Center 8.4506 GHz SPAN 200.0 MHz
MAXIMUM RATINGS GENERAL NOTES
Specification temperature .................. +25°C 1. Input/output RF amplifiers optional.
Operating temperature ...........c............ -54 to +85°C 2. Filtered digital inputs available.
Storage temperature ...........cccoceeeeenee. -65 to +125°C

NOTE: Test data supplied at 25°C; per spectrum data.

OUTLINE DRAWING

~—1.00 25.40] —~]
250(6.35] =] |=—  .075[1.905] —~ ".850 [21.59]“
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[f 1@,;0 .500[12.70]@3 §H lﬁ:@ :@ f[ ]
750019051 | (& =0 D 750(19.05]
Bl E ®
1.00[25.40]' S
® = | io‘t
® £S) ¥
\_ 100 (254 DIA. MTG. HOLE —1  =—25016.35]
(TYP. 2 PLACES)
FINISH: NICKEL
50 1'2 70 375[9.525]
gESMA' [;' ] P
FIELD REPLACEABLE T
FEMALE CONNECTOR 700 i
(TYP. 4 PLACES) -150[3-811—| l—[m]—» 1063 1.600)
\ NOTE: All dimensions shown in brackets [ ] are in millimeters. /




\
EVEN-HARMONIC, SUPPRESSED CARRIER MODULATOR

MODEL: SMLO711LMS8CDQ (Carrier Driven)

3 FEATURES 4 )
§ e Modulated output frequency
s (711« |- 7 to 12 GHz
o . .
E e Carrier input frequency............. 3.5 to 6 GHz
2’ e Carrier rejection........cccccevvvcueenne 45 dB typical
g e Linear modulation rates

(7 ) . DC to 200 MHz

e Carrier power required
(at 1/2 frequency).......ccceeeeerrrrnns +6 dBm

An increasingly popular design technique for digital communication exciters and receivers is to use even-harmon-
ic mixers. The principal performance advantages are low LO reradiation for the receiver and ultra-high carrier rejec-
tion for the transmitter modulator. The latter feature is necessary to achieve low BER (bit error rates). MITEQ Model
SMLO0711LM8Q combines two 1/2 LO mixers and a 90° RF hybrid on one miniature drop-in substrate, thus reduc-
ing system size and LO cost. This unit is available with an integrated LO power divider or with separate individu-
ally adjustable inputs.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS | MIN. TYP. MAX.
Carrier frequency range Dual LO inputs GHz 3.55 5.85
Carrier VSWR Ratio 2.5:1
Carrier power into both ports Approx. in phase dBm +5 +7
Modulation frequency range Linear 1/Q MHz DC 200
Modulation power into both ports 90° phase difference dBm -3
Modulation VSWR -3 dBm Ratio 2.5:1

TRANSFER CHARACTERISTICS CONDITION UNITS | MIN. TYP. MAX.
Conversion loss* 100 MHz dB 9 11
(desired output relative to 1/Q input)

Carrier rejection (relative to desired output) -3 dBm mod. power dBc 35 45
Upper or lower sideband* Optimized at midband dBc 18 30
Second-harmonic sideband* I/Q level dependent dBc 45
Third-harmonic sideband*® 1/Q level dependent dBc 25
Other harmonic sideband* I/Q level dependent dBc 30

OUTPUT PARAMETERS CONDITION UNITS | MIN. TYP. MAX.
RF frequency range GHz 71 1.7
RF VSWR (output RF/input carrier) RF =-10/LO = +7 dBm Ratio 2.5:1

\ * Data measured with external LO and IF hybrid. /




SMLO711LM8CDQ CARRIER DRIVEN TYPICAL TEST DATA

CARRIER SUPPRESSION
TYPICAL OPERATING POINTS 10 dB/DIV.

\\  CONVERSION L0SS 858
Wl |
| | 558 SuPPRESSIoN 32dBc
/] ]
‘v‘v YW -h/
10 T 210
I CARRIER SUPPRESSION 44.8dBc |
RBW \ \
1 MHz
VBW \ \
30 kHz
W \\
44 42 43 82 84 86
FREQUENCY (GHz)

SMLO711LM8CDQG MODULATION DRIVEN OUTPUT SPECTRUM TABLE

DYNAMIC MODULATION SPECTRUM (fg = +7 dBm, I/@ = 100 MHz, O dBm)

BLOCK DIAGRAM

IF1

IF2

Frequency fo +IF fo-IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
10 dB Max. 20 dBc Min. | 35 dBc Min. | 30 dBc Min. 30 dBc Min. | 20 dBc Min. | 20 dBc Min.
Note 1
7 9 20 45 60 50 27 40
7.5 9.4 20 45 60 48 25 49
8 8.6 24 40 55 48 24 38
8.5 8.5 32 38 55 50 24 33
9 8.2 31 37 50 48 23 35
9.5 8.2 29 38 50 48 23 42
10 8.6 25 37 50 47 24 44
10.5 9.5 23 38 52 45 23 40
11 10 22 39 55 45 22 35

Note: Upper sideband is desired output (conversion loss relative to total 1/Q power of 0 dBm).

MAXIMUM RATINGS GENERAL NOTE

Specification temperature.................... 25°C 1. Insertion loss is relative to lowest power input
Operating temperature ....................... -50 to +85°C (fo or fiF). All other outputs (including fo) are relative to the
Storage temperature ..........ccc........... -65 to +125°C desired upper (fo + fi¢) output.

NOTE: Test data supplied at 25°C; per spectrum table.

OUTLINE DRAWING MOUNTING DIAGRAM
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10 TO 15 GHz SATELLITE 1/G TEST MODULATOR

MODEL: SDM1015LI3CDG

FEATURES e ™\
 Tri-band, Ku
DownlinK ......cccerrinnmmernssnnnenssnnnes 10.75 to 12.75 GHz
UPHINK .. 14 to 14.5 GHz
- Direct linear 1/Q modulation......... DC to 1000 MHz
- Carrier/sideband rejection ........ 25dB
- Harmonic rejection ..........cccceeus 30 dB
« Packaging .......cccoommmmrrrnniiisnnnnnnns Hermetically sealed

Microwave QAM signals are traditionally generated by linearly mixing or modulating a VHF or UHF carrier oscillator
with band limited | and Q information. The resulting phase and/or amplitude states of the carrier are then multiplied
or upconverted by another mixer, local oscillator and sideband filter to the actual transmitted frequency. 1/Q modu-
lation has traditionally been done in this manner because lower frequency high-isolation mixers tend to yield the best
carrier and sideband rejection. The latter qualities are most important for accurate 1/Q phase states or transmitted
signal constellations. More recently at MITEQ, the electrical and physical symmetry of microwave baluns have been
improved to yield mixers with LO-to-RF isolations of 45 dB up to 18 GHz. This unit uses these new mixers to achieve
direct 1/Q modulation of a microwave carrier without the costly lower frequency upconversion.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
Carrier frequency range GHz 10 15
Carrier VSWR (RF = +16 dBm) Ratio 1.5:1
Carrier power dBm +8 +10 +12
Modulation frequency range I/Q @ -3 dB MHz DC 1000
Modulation power I/Q (50 ohms) dBm Noise 0 +6

TRANSFER CHARACTERISTICS CONDITION UNITS MIN. TYP. MAX.
Conversion loss (IF = 100 MHz) RF = +10 dBm dB 8 9
(desired output relative to 1/Q input) 1/Q =0dBm
Carrier rejection (relative to desired output) IF = +6 dBm dB 20 30
Upper or lower sideband fo £ IF dB 20 25
Second-harmonic sideband fo 2 IF dB 30
Third-harmonic sideband fo £3 IF dB 30
Insertion loss (I/Q switch mode) I/Q =+10 mA dB 9

OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 10 15

KRF VSWR (RF = +16 dBm) Ratio 2.5:1

~

Revised: 03/19/12



SDM1015LI3CDA TYPICAL SPECTRUM DATA

LOWER BAND EDGE SPECTRUM
AND UPPER SIDEBAND OUTPUT
RF=+10 dBm, 1/Q = +0 dBm (90°/0°)

0 7 |
20 FIXED MKR
| -20.3 MHz
I -8.25 dB
-40 I \
60 LA
JU N L.
-80
-100
Center 11.75 GHz SPAN 200 MHz
LOWER BAND EDGE SPECTRUM
AND LOWER SIDEBAND OUTPUT
RF=+10 dBm, 1/Q = 0 dBm (0°/90°)
0 il |
FIXED MKR
-20 I -20.0 MHz
’ \ -8.25dB
-40
I |
o | l
L JTLLS L
-80
00
Center 11.75 GHz SPAN 200 MHz
MAXIMIUM RATINGS
Specification temperature.................... +25°C
Operating temperature ...........cccceeneee. -54 to +85°C
Storage temperature .........c.ccooeeeneenne. -65 to +125°C

NOTE: Test data supplied at 25°C; per spectrum data.

OUTLINE DRAWING

UPPER BAND EDGE SPECTRUM
AND UPPER SIDEBAND OUTPUT
RF=+10 dBm, 1/Q = +0 dBm (90°/0°)

0 ¥ |
FIXED MKR
-20 20.0 MHz
’ l -8.4 dB
-40
I
* / \ 1”\ \
[ A A A J[— AT | N [ S | p m— |
-80
-100
Center 14.25 GHz SPAN 200.0 MHz
UPPER BAND EDGE SPECTRUM
AND LOWER SIDEBAND OUTPUT
RF=+10 dBm, 1/Q = 0 dBm (0°/90°)
0 v |
FIXED MKR
-20 20.0 MHz
, -8.4 dB
-40 ,
[l
00 LAl |
AT L]
-80
0 Center 14.25 GHz SPAN 200.0 MHz

GENERAL NOTES
1. Input/output RF amplifiers optional.
2. Filtered digital inputs available.
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\
2 TO 18 GHz SINGLE-SIDEBAND UPCONVERTER OR 1/G MODULATOR

MODEL: SM0218LC1CD * (Carrier Driven)

(7]

4] FEATURES e ™
a * RF output/carrier input .......... 2to 18 GHz

E * Linear modulation input ........ Up to +5 dBm o ® . E'P

o N iap ®

5 Carrier input power ................ +10 to +16 dBm a &

2 ¢ Sideband suppression........... 20dB @ &

S o Carrier rejection..........ceceeune.. 25 dB gk 4 '*n?

¢ |IF options: [
Single sideband...................... A,Band C ﬁﬂaw

(internal hybrid)
I/Q modulator .........cccceeerinnnees Q (separate inputs)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a frequen-
cy spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, howev-
er, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO
by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have
the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power
can be achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is
used when the modulation input to RF output must be linear (low harmonics). A typical application is for digital QPSK
with cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require input-to-output signal lin-
earity, thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 2 18
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2:1
RF power (low-level diodes) dBm +10 +13 +16
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total I/Q) dBm Noise +7

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 8 12
Carrier suppression (RF = +13 dBm, IF modulation = +5 dBm) dBc 12
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 15 18
Carrier 2 IF, 4 IF, etc. dBc 45
Carrier 3 IF dBc 40
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +10
Quadrature amplitude accuracy dB +1

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 2 18
\ RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.5:1 /




SM0218LC1CDAG CARRIER DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 190 -90 +180
1/Q ++ -1+ +/- i
1/@ MODE (RF = +13 dBm, 1/Q = 0 dBm each input (0.316 volts peak across 50 ohm load)
STATIC AMPLITUDE BALANCE STATIC PHASE BALANCE
= +4 +40
=J —_
E 2 A ,V\ g 20 ﬂ
+ (=S
: ﬂ/‘*’ N i\/\ MG eae==/a
oS REF /\A/m\ M VA < REF /\f'\ T\ N
L — N—\
= U [V 2 VTV
o -2 » -20
o <
= =
-4 -40
2 10 18 2 10 18
FREQUENCY (GHz) FREQUENCY (GHz)

SM0218LC1CDC CARRIER DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = +13 dBm, IF = +3 dBm total, IF = 100 MIHz)

Frequency fo+IF fo- IF fo fo-21F fo+21F fo-3IF | fg+3IF
(GH2) (L.L., dB) (dBe) (dBc) (dBe) (dBe) (dBe) (dBc)
Note 1

2 9 28 9 35 36 32 50

4 11 31 17 52 53 41 41

6 9 32 18 46 51 53 43

8 8 35 37 48 48 48 44

10 8 21 30 49 47 48 4

12 7 25 22 46 45 43 42

14 8 24 16 47 42 38 38

16 10 22 12 40 40 34 37

18 10 21 20 38 39 33 37
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to +3 dBm IF input. All other outputs,
Operating temperature ....................... -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ............ccoo...... -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SM0218LC1CD _*_
A =20-40 MHz
B = 40-80 MHz
C = 100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAMS
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6 TO 18 GHz SINGLE-SIDEBAND ENHANCED UPCONVERTER

MODEL: SMEOG18LITCD * (Carrier Driven)

FEATURES e ™
* RF output/carrier input .......... 6 to 18 GHz t?
* IF bandwidth .......ccceeeueercrenne. DC to 500 MHz (Q) 1)
e Linear IF input........c..ceviinnees Up to +5 dBm
e Carrier input power ................ +10 to +16 dBm
¢ Sideband suppression........... 30dB f
e Carrier rejection..........c.cceeuueen 25 dB
¢ |F options:
Single sideband...................... A,Band C
(internal hybrid)
Multioctave IFs ...........ccu...ee. Q (separate inputs)
- /

All SSB upconverters require that at least one of the input frequency bands (carrier or IF) has sufficient power to
turn on the semiconductors. This model employs carrier drive. SSB upconverters, however, employ an internal IF
90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by the IF frequency
(test data is recorded for the upper sideband only). Schottky diode (standard) upconverters have the greatest
speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power can be
achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is used
when the IF input to RF output must be linear (low harmonics). Enhanced sideband rejection (30 dB typ.) is
obtained by using a multiple 90° cancellation circuit which is unique to MITEQ’s design.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 6 18
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm +10 +13 +16
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm Noise +5

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 9 13
Carrier suppression (RF = +13 dBm, IF modulation = +3 dBm) dBc 15 25
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 25 30
Carrier £2 IF, 4 IF, etc. dBc 50
Carrier 3 IF dBc 40

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 6 18
\ RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.5:1 /

~
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SMEOG618LI1CDA CARRIER DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = +13 dBm, IF = O dBm total, IF= 60 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBe)
Note 1
5 -10.8 -27.5 -15.4 -53 -44.8 -55.3 -46.2
5.5 -10.8 -29.6 -19.4 -52.4 -45.2 -52.4 -45.6
6 -11.3 -30.2 -19 -53.3 -44.5 -50.7 -46.6
6.5 -10.3 -34 -19.2 -58.1 -42.5 -51.7 -45.5
7 -94 -57.1 -20.9 -55.6 -43 -51.6 -45.7
7.5 -6.7 -36 -24.7 -56.5 -42.4 -57.6 -45.5
8 -8.1 -36 -26.1 -53.5 -43.6 -52.4 -46.5
8.5 -8 -34.7 -31.5 -51.6 -43.5 -49.8 -44.8
9 -7.6 -31.3 -32.9 -49.2 -43 -49.6 -42.3
9.5 -7.8 -36.4 -34.3 -49.9 -43.7 -48.6 -46.3
10 -8 -37 -31.8 -50 -44.4 -45.1 -45.1
10.5 -7.8 -36.8 -33.8 -48.7 -44.4 -42.5 -44.8
11 -1.7 -33.3 -30.3 -51.5 -44.5 -42.1 -45
11.5 -6.9 -29.5 -26.7 -50.7 -44.8 -39.7 -47.6
12 -6.3 -26.3 -25.8 -50.2 -44.8 -40 -45.8
12.5 -6.1 -26.5 -23.3 -52.7 -42.4 -42.8 -50.7
13 3 -26.7 -21.3 -51.7 -42 -44.2 -48.2
13.5 -8 -27.8 -23.1 -49.7 -41.3 -45.2 -46.5
14 -8.6 -31.5 -25 -51.5 -41.1 -46 -45.4
14.5 -9.1 -30.9 -19.9 -49.2 -40.8 -46.3 -44.6
15 -9.7 -34.8 -17.4 -46.7 -40.7 -47.1 -46.2
15.5 -9.5 -31.8 -16.6 -44.7 -39.3 -43.1 -43
16 3 -29.3 -16.5 -45.9 -38.5 -44.6 -44
16.5 -8.2 -30.9 -18 -46.3 -40 -45.8 -43.8
17 -8.8 -30.6 -18.4 -46.3 -40.5 -44.6 -43.3
17.5 -9.4 -30 -17.4 -44.2 -39.8 -42.3 -42.9
18 -9.2 -31.1 -17.8 -44.9 -39.2 -40.7 -43.2
18.5 -1141 -32.2 -18.6 -43.7 -38.9 -34.3 -414
19 -11.7 -27.4 -19.6 -40.8 -37.6 -29.5 -40.8
19.5 -1 -30.6 -21.1 -39.6 -37.5 -32 -39.3
20 -11.9 -37.7 -24.9 -40.2 -40.9 -33.1 -40.1
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to 0 dBm IF input. All other outputs,
Operating temperature ... -54 to +85°C including fo, are relative to the desired upper (fg + fm) output.
Storage temperature ...........c.ccocceen.. -65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper

sideband operation. For lower sideband or selectable sideband,
contact MITEQ.
*3. Available part numbers: SME0618LI1CD_*_
A =20-40 MHz
B = 40-80 MHz
C = 100-200 MHz
Q = DC-500 MHz

NOTE: Test data supplied at 25°C; per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAM
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6 TO 18 GHz QPSK OR GAM MODULATOR

MODEL: SMCO0618LI1 CD: (Carrier Driven)

0 FEATURES ™
S

Q * RF output/carrier input............... 6 to 18 GHz

E e Linear modulation input............. Up to +10 dBm

g e Carrier input power...........cceuneeee +15 to +18 dBm

g ¢ Sideband suppression................ 30dB

% e Carrier rejection........ccccceererniinnnees 35dB

e Modulation options:
Single sideband............cccceeurrnee. A (internal hybrid)
I/Q modulator.........cccceveiiiiinnnnnnns Q (separate inputs)

)

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a frequen-
cy spectrum that utilizes both sidebands on either side of the output suppressed carrier. SSB upconverters, however,
employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the input LO by
the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modulators have the
greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater output power can
be achieved by using higher level diodes with proportional increases in carrier power. This carrier driven unit is used
when the modulation input to RF output must be linear (low harmonics). A typical application is for digital QPSK with
cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require input-to-output signal linearity,
thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 6 18
RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 1.5:1
RF power (low-level diodes) dBm +15 +16 +18
IF modulation frequency range (Note 4) MHz DC 500
IF modulation power range (total I/Q) dBm Noise +13 +16

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 16 19
Carrier suppression (Note 3) dBc 25 35
Sideband suppression (Note 2)

Undesired sideband (Note 3) dBc 23 32
Carrier 2 IF, 4 IF, etc. dBc 35 40
Carrier 3 IF dBc 30 40
Quadrature phase deviation, I/Q mode (see Graph Key) Degrees +10
Quadrature amplitude deviation dB +1.5

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 6 18
K RF VSWR (RF = +13 dBm, IF modulation = 0 dBm) Ratio 2.1:1 /
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SMIC0618LI1CDQA CARRIER DRIVEN TYPICAL TEST DATA

Graph Key
RF Phase (Deg.) 0 +90 -90 +180
11Q ++ -1+ +- i
1/Q@ MODE (RF = +16 dBm, 1/Q = +10 dBm each input (1 volt peak across 50 ohm load)
QUADRATURE AMPLITUDE ERROR (MAX./MIN.) QUADRATURE PHASE ERROR (MAX./MIN.) §
=
— 2 0 >
o @ S
S 41 2 +10 -
3 —~ o 8
& ReF [N QaYA < e — SN S
= = Q
> 0@ a
5 1 & -10
o T
<§( o
2 -20

6 12 18 6 12 18
FREQUENCY (GHz) FREQUENCY (GHz)

SMICO0618LI1CDA CARRIER DRIVEN SPECTRUM TABLE

SSB UPCONVERTER (RF = +16 dBm, IF = +13 dBm total, IF = 20 MHz)

Frequency fo +IF fo - IF fo fo-21IF fo+2IF fo-3IF fo+3IF
(GHz) (I.L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1

6 15.4 39 66 55 56 41 76

8 16 38 43 67 65 46 70

10 16 53 39 64 62 61 65

12 15 28 41 65 63 52 66

14 16 32 35 64 66 66 66

16 16 29 31 63 62 62 61

18 15.8 31 36 62 63 51 63
MAXIMIUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to +13 dBm combined 1/Q inputs. All other outputs,
Operating temperature ........................ -54 to +85°C including fo, are relative to the desired upper (fo + fm) output.
Storage temperature ... 65 to +125°C 2. Standard SSB units with IF hybrids are aligned for upper sideband

operation. For lower sideband or selectable sideband, contact MITEQ.
3. Greater phase accuracy and rejection possible over narrower bandwidths.
*4. Available part numbers: SMC0618LI1CD *_
A =20-40 MHz
B = 40-80 MHz
C =100-200 MHz

. . . . Q = DC-500 MHz
NOTE: Test data supplied at 25°C; insertion loss, phase and amplitude balance per spectrum table.
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18 TO 26 GHz SINGLE-SIDEBAND UPCONVERTER (OR 1/G) MODULATOR

MODEL: SM1826NI7CD *_(Carrier Driven)

§ FEATURES ™\
a * RF output/carrier input .......... 18 to 26 GHz
E « IF bandWidth ......ceeeurecereeeees DC to 500 MHz (Q)
g « Linear IF input......cccoeveeceererne Up to +5 dBm
§ « LO input power.........cccvvruneeen +17 to +20 dBm
g  Sideband suppression........... 30 dB
« Carrier rejection........c...ccevueen 30dB
- IF options:
Single sideband............cccccueus A (internal hybrid)
I/Q modulator...........cceecmmrrrenn. Q (separate inputs) SM1826NI7CDa

- J

All modulators and SSB upconverters require that at least one of the input frequency bands (carrier or modulation)
has sufficient power to turn on the semiconductors. This model employs carrier drive. All modulators yield a fre-
quency spectrum that utilizes both sideband on either side of the output supppressed carrier. SSB upconverters,
however, employ an internal IF 90° hybrid to yield only one RF sideband output. This is offset above or below the
input LO by the IF frequency (test data is recorded for the upper sideband only). Schottky diode (standard) modu-
lators have the greatest speed and bandwidths, but yield RF output powers of typically less than 0 dBm. Greater
output power can be achieved by using higher level diodes with proportional increases in carrier power. This car-
rier driven unit is used when the modulation input to RF output must be linear (low harmonics). A typical applica-
tion is for digital QPSK with cosine shaped pulses (for minimum bandwidth). Many SSB upconverters also require
input-to-output signal linearity, thus requiring LO drive.

ELECTRICAL SPECIFICATIONS

INPUT PARAMETERS UNITS MIN. TYP. MAX.
RF carrier GHz 18 26
RF VSWR (RF = +17 dBm, IF modulation = 0 dBm) Ratio 2:1
RF power (high-level diodes) dBm +17 +18 +20
IF modulation frequency range (Note 3) MHz DC 500
IF modulation power range (total 1/Q) dBm Noise +5

TRANSFER CHARACTERISTICS UNITS MIN. TYP. MAX.
Conversion loss (Note 1) dB 9 12
LO Leakage dBm -5 0
Sideband suppression (Note 2)

Carrier — fundamental IF dBc 20 30
Carrier £2 IF, 4 IF, etc. dBc 40
Carrier 3 IF dBc 40
Quadrature phase accuracy, 1/Q mode (see Graph Key) Degrees +6
Quadrature amplitude accuracy dB 0.6

OUTPUT PARAMETERS UNITS MIN. TYP. MAX.

RF frequency range GHz 18 26
\ RF VSWR (RF = +17 dBm, IF modulation = +5 dBm) Ratio 3:1 /

\ @MI I I — q 100 Davids Drive, Hauppauge, NY 11788 e TEL: (631) 439-9220 e FAX: (631) 436-7430 ¢ www.miteq.com
@ — o , ; . : . .
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SM1826NI17CDB CARRIER DRIVEN OUTPUT SPECTRUM TABLE

SSB UPCONVERTER (RF = +17 dBm, IF = 0 dBm total, IF = 60 MHz)

Frequency fo fo+1IF fo-11IF fo+2IF fo-2IF fo+31IF fo-31IF
(GHz) (dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
Note 1
17 -25.8 -22.3 -8.7 -35 -40 -37.8 -47.2
17.5 -27.3 -24.2 -10.2 -37.5 -40.2 -40.7 -45.5
18 -26.7 -26.2 -8.7 -45.2 -44.2 -43.5 -48
18.5 -27.7 -26.8 9.8 -44.3 -44.7 -45.5 -47.5
19 -21.7 -29.3 -9.5 -46.3 -43 -47.8 -48
19.5 -30.3 -32 -10.8 -39.8 -41.7 -42.2 -46.5
20 -30.3 -36.7 -9.5 -45 -43.2 -46 -46.3
20.5 -31.3 -43.5 9.8 -46.8 -46 -46.5 -46.2
21 -31.5 -41.8 -10.2 -45.8 -45.5 -46.2 -46.5
215 -33.8 -38.8 -10.2 -46.3 -46.2 -44.7 -46.8
22 -33.7 -35 9.8 -46 -44.7 -46.3 -44.7
22.5 -32.5 -35.5 -10.3 -45.3 -44.3 -45.3 -45.7
23 -35.5 -30.5 -11 -43.8 -45 -43.8 -44.3
235 -37.5 -30.5 -10.8 -43 -42.7 -42.7 -44.5
24 -44.7 -28.3 -105 413 -41.8 -43.2 -42.3
245 -37.2 -25.7 -11.3 -38 -4 -40.2 -43
25 -38.2 -25.2 -10.2 -40.5 -39.5 -415 -42.2
255 -34.7 -28.5 -10.3 -41.2 -42.5 -41.2 -43.5
26 -33.7 -26.8 -8.3 -43.2 -43.3 -46 -43
26.5 -36 -31 -9.8 -45.3 -44 -44.7 -44.8
27 -32.5 -25.2 9.2 -48.5 -48.5 -46.7 -49
MAXIMUM RATINGS GENERAL NOTES
Specification temperature.................... +25°C 1. Insertion loss relative to +3 dBm RF input. All other outputs,
Operating temperature .... -54 t0 +85°C including fo, are relative to the desired upper (fo + fm) output.

2. Standard SSB units with IF hybrids are aligned for upper
sideband operation. For lower sideband or selectable sideband,
contact MITEQ.

*3. Available part numbers: SM1826LI7CD_x
A = 20-40 MHz
B = 40-80 MHz
C = 100—-200 MHz
Q = DC-500 MHz

Storage temperature -65 to +125°C

4. LO amplifier option:
Order Part Number SMA1826NI7CD*_ (contact MITEQ for outline).

NOTE: Test data supplied at 25°C; per spectrum table.

OUTLINE DRAWING BLOCK DIAGRAM

SM1826NI7CDA, B and C SM1826NI7CDG

Lo.325 [8.255] TYP. (2 PLACES)

SSB UPCONVERTER

\ NOTE: All dimensions shown in brackets [ ] are in millimeters.
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\
34.5 TO 35.5 GHz SINGLE-SIDEBAND CONVERTER

MODEL: SM3435LI7CD * (Carrier Driven)

(7]
5 FEATURES
=]
(=]
=) « RF/LO Coverage.......ccccuuruuenen 34.5 to 35.5 GHz
o .
o  IF operation .........cccocmrrrrrnnnnees 20 to 200 MHz
=]
g OO I 0 I oY 17 O +2 to +10 dBm
=]
8
s ELECTRICAL SPECIFICATIONS
INPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
LO frequency range GHz 34.5 35.5
LO VSWR 50 ohm reference Ratio 2:1
LO power dBm +2 +10
IF frequency range (Note 1) MHz 20 200
IF VSWR 50 ohm reference Ratio 1.5:1
IF power range dBm Q12
Bias (+8 volts min./+15 volts max.) mA 200
TRANSFER CHARACTERISTICS CONDITION UNITS MIN TYP. MAX.
IF-to-RF conversion loss dB 10.5
Sideband suppression dB 20 25
LO Leakage dBm -15
Intermodulation suppression F - LO, £2F - IF dB 25
F-LO, +3F - IF dB 25
OUTPUT PARAMETERS CONDITION UNITS MIN. TYP. MAX.
RF frequency range GHz 34.5 35.5
\ RF VSWR 50 ohm reference Ratio 2:1 J

MAXIMUM RATINGS GENERAL NOTE

Specification temperature .................. +25°C *1. Available part numbers: SM3435LI7CD *_
Operating temperature ............cocevnen. -10 to +50°C A = 20-40 MHz
Storage temperature ..........cccoee..... -65 to +95°C B = 40-80 MHz

C = 100-200 MHz

NOTE: Test data supplied at 25°C; conversion loss, sideband supression and LO leakage.

OUTLINE DRAWING

!

0.40[10.16] EIE[E opRe o_eé [16.51]
——(m NOX:: Hie
TYPE 'K FEMALE J 80
TYP. (2 PLACES) GND IF 1 N\ [ 120.32]
| +8TO +15V | | 0.125[3.175] *
Lo ? RE b
038 { N\ 0.38[9.65] | [[9 T @O ° ° 0.75
[9-65 .75 O) [19.05]
T[19;05] A 0509 [ Q. )
3 0.38[9.65] g o “o12 1 f
g TYPE SMA TYP. (4 PLACES) (3.175] % 2X 0,003 [02.362]
(2 PLACES) o e 87 o MOUNTING HOLES
[22.10]

kNOTE: All dimensions shown in brackets [ ] are in millimeters.
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MIXER TERMINOLOGY

The subject of mixers is often confused by the variety of different technical terms that often describe the same piece
of hardware. For example, the common double-balanced mixer is useful as a downconverter, demodulator, upcon-
verter or modulator. Other adjectives are also used to further subdivide each category such as linear, saturated, dou-
ble sideband, etc. Ultimately, it is the relationship between the two input and desired output frequency bands and
powers that uniquely specify each device classification. During our discussion, we will refer to the two input signal
bands of any mixer as f{ and fs (in increasing frequency) with respective powers P4 and Po. In this manner, any
confusion defining the IF, RF, LO for up- and downconversion is avoided. The two output bands are f3 = (f{ - f2) or
difference frequency and f4 = (f1 + f2) or sum frequency. In general, downconverters and demodulators are sepa-
rated in classification from upconverters and modulators by the obvious fact that the output frequency (f3, f4) of the
latter group is always greater than f{, whereas f3 is less than fy and fy for downconverters/demodulators. These
two groups are further subdivided into either single- or double-sideband responses. An example of a single-side-
band downconverter would be the image rejection mixer. A single-sideband upconverter rejects either output upper
or lower sideband (i.e., fo + 1 or f5 - f1). The figure and table below show how all of our mixer products are defined
in this catalog.
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(Note 1)
fy> 1, f, < > f,  ty=ty-f,
Difference of P, and P, > 5 dB
P, or P, > +10 dBm min. f, f, fa=f+1
INPUTS OUTPUTS

MIXER VIODEL SELECTION GUIDELINE

1. Double-Sideband Mixers ......c..cccceeeeennnee. (d No image or sideband rejection
UPCONVEMET ... (d fo/fy > 2 using fz, or f4 = output
DOWNCONVEET ......cc.ccveereerrereeereenane (d f3 min. > 0 and fo/f; < 2
Demodulator..........ccccevereeereneneeenne (A f3 min. = DC (i.e., fo = fy)

2. Single-Sideband Downconverters............. (1 Image rejection required
Image Rejection ...........occoiiiiiieennnn, [d f3 min. > 0 and fo/f{< 2
I/Q Demodulator...............ccccoveueeuenenn.. (d f3 min. = DC (i.e., fo = f4)

3. Single-Sideband Upconverters.................. d foffy > 2
I/Q Modulator ..........ccccoeeueeeereeeeeenee (A f3 and f4 required and f; = 0
Modulation Driven ..........cccceveeeeveennene. d Py <Py
Carrier Driven........ccccveceeeecieie e d Py>Py
SSB Upconverter ........cococevcieeiiieenee (A f5 or f4 required and f; min. is not = 0

4. Low-Noise / Millimeter Subsystems .......... (d f{ orfyorfyorfy >30 GHz
LOW NOISE ....coveeneieiesiesie e (d SSB noise figure < 5 dB

Qote 1. When f, or fy is each a range or a frequency, use their midband values in the table formulas above. /




(1)
=
o
=2
(=]
(=]
o
o
o
E
<
-l
=2
(=]
(=]
=

MODULATOR CIRCUIT DESCRIPTION IN ORDER OF COMPLEXITY

BASIC MIXER CIRCUITS

There are several basic mixer circuits discussed within this catalog. While there appear to be many similarities,
there are subtle circuit differences that can greatly improve performance or reduce cost for a given receiving sys-
tem application.

We will first clarify the definitions of the basic circuits in order of their complexity (cost), with lowest first.

SINGLE-BALANCED MIXER CIRCUITS
use only 2 semiconductors and, therefore, requires the least LO power. They are frequently made on a common sub-
strate with the necessary 90 or 180° hybrid offering lowest input VSWR or highest isolation respectively.

DOUBLE-BALANCED MIXER CIRCUITS

offer high LO-to-RF isolation over multioctave bandwidths. The back-to-back semiconductor ring quad provides immu-
nity to high peak input voltage burn-outs. Even harmonic output intermodulation products of both LO and RF inputs
are suppressed.

TRIPLE-BALANCED MIXER CIRCUITS

provide high RF input-to-output isolation over overlapping bandwidths. The 6 dB greater LO input compared to the sin-
gle-balanced mixer yields proportional increases in compression and intercept points. Most triple-balanced mixers do
not have an IF response down to DC and, therefore, are not suitable for modulator or demodulator applications.

SUBHARMONIC MIXERS

offer only 1 dB higher conversion loss than single or triple designs, but require 1/2 the LO frequency (cheaper). They
also provide 50 to 60 dB rejection of input LO power appearing at the input/output of the desired RF frequency. This
makes this circuit useful for accurate BPSK or QPSK modulators.

MESFET MIXERS
made in single- and double-balanced circuits offer the highest ratio of IP3 to LO power, thus making them suitable for
up- or downconversion in crowded communication bands.

QUADRATURE COUPLED MIXERS (TIM)
single- or triple-balanced mixer circuits offer similar advantages as 90° coupled amplifier circuits (i.e.; excellent
input/output VSWR with enhanced LO-to-RF isolation and further rejection of even harmonic spurious products).

GPSK MODULATORS

accept two independent channels of digital or video information and vary the RF carrier phase in proportion to
these signals. When spectral spreading is not important, (no raised cosine input filter) the diodes are driven by
the 1/Q signals.

GAM NMODULATORS
are similar to I/Q modulators except that amplitude variations of the modulation are also superimposed on the carrier
as an envelope. Linear modulation is achieved by driving the diodes with the carrier and using high-isolation mixers.

RAISED COSINE FILTERS

are used to limit the spectrum of digital modulation and eliminate the fundamental and harmonic responses of the sam-
pling frequency. For most applications active ICs are employed; but when high sampling rates are used, tapped delay
networks are useful.

QUADRATURE QGPSK CIRCUITS
produce highest carrier suppression and, therefore, accurate phase states. The SMC0618LI1Q typically has 50 dB
carrier to output isolation and permits modulation rates in excess of 1 Gbps.

~
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MODULATORS AND UPCONVERTERS

In our earlier discussion on downconverters and demodulators, we referred to the two input signal bands of any mixer
as f1 and fs (in increasing frequency) with respective powers P4 and P». The two output bands are f3 = (f1 - fo) or dif-
ference frequency and f4 = (f1 + fo) or sum frequency. In general, downconverters and demodulators are separated in
classification from upconverters and modulators by the obvious fact that the output frequency (fs, f4) of the latter group
is always greater than f; whereas f3 is less than f» and f{ for downconverters/demodulators. Furthermore, upconvert-
ers and modulators are distinguishable from each other by the range of frequency at the lower or f{ terminal. For the
modulator, f{ always contains baseband or low-pass video or digital frequencies whereas for the upconverter f{ is usu-
ally a bandpass spectrum of already modulated IF information. A further difference is that both upper and lower out-
put sidebands are needed to preserve modulation. For upconversion, however, only one output sideband is selected.
An example of these two modes of operation is shown next by the current design trend of direct microwave modula-
tion using newer high-isolation mixers.

Microwave biphase and QAM signals are traditionally generated by linearly mixing or modulating a VHF or UHF car-
rier oscillator with band limited | and Q information. The resulting phase and/or amplitude states of the carrier are then
multiplied or upconverted by another mixer, local oscillator and sideband filter to the actual transmitted frequency. I/Q
modulation has traditionally been done in this manner because lower frequency high-isolation mixers tend to yield the
best carrier and sideband rejection. The latter qualities are most important for accurate I/Q phase states or transmit-
ted signal constellations. As a result of now having microwave mixers with the same balun quality as lower frequency
torroidal units, one can directly modulate at high frequencies without the costly extra frequency conversions.
Furthermore, greater modulation rates are also possible.

CONVENTIONAL MODULATOR UPCONVERTER LOWER COST DIRECT MODULATOR
[ ' !
o X\ : .

500 MHz 7 GHz 7 GHz
1/Q BW= 50 MHz 1/Q BW= 500 MHz

Modulators are further subclassified by the use of fundamental or subharmonic carrier operation (2f + f1), (3f> + f1). In
general, a lower cost design results because the carrier is frequently generated by subharmonic sources anyway, thus
eliminating system multipliers and amplifiers. In addition, the core advantage of even-harmonic mixers, is ultra-high car-
rier isolation.

Most important, all modulators require that at least one of the input frequency bands, modulation (f{) or carrier (f2), has
sufficient power to always turn on the semiconductors used in the various designs (i.e., Schottky diodes or PIN diodes).
Schottky diode (standard) modulators have greatest speed and bandwidths, but yield RF output powers of typically less
than +5 dBm. PIN diode designs can only be driven at modulation rates at less than 30 MHz, but will yield output RF
powers exceeding +5 dBm. All modulators should be tested in either the carrier or modulation driven mode, as speci-
fied by the customers needs. In general, most manufacturers show modulator phase/amplitude accuracy in either the
carrier or modulation driven modes. However, caution is necessary when observing the better accuracy data of the
modulation driven mode that a trade-off in output spectrum harmonic levels results.

In the next section, we will attempt to define the proper modulator circuit for a given application in a step-by-step
sequence. More information needed to answer the questions, is available following the data sheet section.
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MODULATORS

Questions and Answers about...

MODULATORS
Q1. What are the major differences between modulators and upconverters?

A1. A modulator commonly varies some aspect (amplitude, phase or frequency) of an RF carrier (f,, in propor-
tion to a much lower frequency video or digital input signal (f,,). In general, the input frequency components of the
modaulation typically extend from DC to 100 MHz, except for fast data links. In order to preserve the information con-
tent superimposed on the RF carrier, one must insure that the output system bandwidth is adequate to pass both
upper and lower sidebands (i.e., f, + f,) without distortion. In fact, system amplifier and channel distortion often will
add residual AM or PM modulation to an otherwise clean transmitter.

Upconverter and modulator circuits are very similar except that in the upconverter case one is usually only
interested in transmitting one of the output sidebands (upper or lower) and suppressing the other. In this manner all
input information at the f,,, port is preserved but shifted in frequency to only one RF transmitted sideband. SSB con-
verters usually employ an input 90° hybrid to accept octave bandwidth signals in the 30 to 500 MHz range. DSB
upconverting mixers often use a double-balanced mixer circuit with a high-frequency IF input that produces a large
separation between upper and lower output sidebands that are filtered further in the system.

A vector modulator is commonly used to vary only RF carrier phase in a linear fashion with time so that no
RF amplitude variations occur. A shift in the RF carrier frequency will occur in direct proportion to the time rate of
change of RF output phase (AQD /At). This device is sometimes known as a phase shifter or frequency offset gener-
ator (FOG). Both output sidebands can be utilized to simulate forward or reverse movement of a variable amplitude
RF source (i.e.; Doppler generation or corrections). More recently, digital-controlled vector phase-shifting circuits are
being used with linear amplitude compensation to adaptively cancel an unwanted RF echo signal. This circuit pro-
vides the unusual property of nearly linear operation at the modulation and RF input ports, although the rate of mod-
ulation is restricted.

Q2: Should the diodes be switched or driven by the carrier (CD) or by the modulation (MD)?

A2: A carrier or LO diode switching power of +10 dBm to +13 dBm is used when any amplitude variation or pulse
shape at the IF or modulation port must be accurately transferred to the RF output envelope. Acommunication exam-
ple would be directly modulating a microwave carrier with Gaussian shaped 1/Q digital pulses to minimize the chan-
nel bandwidth required. A linear IF SSB upconverter would also use this mode with an internal hybrid. In this mode,
the modulation or IF upconverter port is linear and therefore, will operate from the 1 dB compression point (approx-
imately 5 dB below P,,) down to the noise level. The IF modulation power (typically 0 dBm) is usually selected to
minimize output spectrum harmonics (f, =Nf,) but still be greater than the fixed carrier power leakage that exists at
the output of any mixer.

A modulation or IF drive of +10 dBm or 10 mA is used when the RF input power varies over a wide dynam-
ic range such as for military EW and commercial Doppler frequency-shift generation or corrections. The linear RF
input range while desirable for these applications would of course, not turn on the modulator diodes at low input
powers. Consequently, the modulation must always be high power. In many cases the high and nonlinear modula-
tion power is adequate for biphase and QPSK with only 2 or 4 output spectrum states using saturated output ampli-
fication. However, many phase and frequency modulators require continuous and linear control of the RF output
phase and amplitude in small steps. The modulation input can be linearized for these applications by converting the
input control voltage to the required mixer Schottky or PIN diode current with the aid of analog RDS (resistance,
diode sources) or digital ROM (read only memory) waveshaping techniques. The MITEQ-AVC and -DIQ Model
Series modulators employ these circuits. The penalty for this linearization is lower modulation rates particularly
when PIN diodes are used.
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IMIODULATORS (CONT.)

DOUBLE-SIDEBAND (DSB)

CARRIER DRIVEN MODULATION DRIVEN UPCONVERTER
BIPHASE MODULATOR BIPHASE MODULATOR (LO DRIVEN WITH 2
(LINEAR BASEBAND INPUT) (LINEAR CARRIER INPUT) LINEAR IF INPUT) o
c
CARRIER MIXER CARRIER MIXER . E
(+10 dBm) (0 dBm) ‘ h S
f f,0f ) )
LI W /WVW\N\M/Z—> EZ—LMN\»’U\N\]‘ f, +10 dBm) E_> ]
fyf, =1
TIME TIME y S
MODULATION LOWER  UPPER =
MO([())L&LBAJ)ION (+10 dBm) A\/\M SIDEBAND SIDEBAND o
f, I fy rEN A PN f,
/\/ FREQUENCY /\/ FREQUENCY (0 dBm)
@3: How does a single-sideband modulator or upconverter work?
A3. In general, when the phase of the input IF signal of a double-sideband modulator or upconverter is shift-

ed by +90°, the output upper RF sideband phase will also shift by +90°, but the lower RF sideband will have a con-
jugate or -90° shift. Therefore, if two such identical mixers are driven by an in phase LO and a 90° IF input cou-
pler, one will observe leading and lagging 90° output sideband RF phases. An additional 90° output RF coupler
can then be used to separate the lower and upper sidebands at different output ports of the same coupler (see
figure below).

MITEG SM SERIES

|
I CARRIER
: INPUT

MODULATION | '
MIXERS HYBRIDS |
INPUT | > < | UPPER
| L SIDEBAND
> 90° |
| — L OWER
——————————————————— 4 SIDEBAND

Q4. What is meant by the term signal constellation and why are 1/Q modulators used?

A4, Basically one can transmit more information in a given fixed RF bandwidth by first dividing the modulation
into two path streams, each with 1/2 the BIT rate of the original stream. If these two data streams (I and Q) are
then orthogonally modulated on the RF carrier, they remain uncoupled until added back together after demodula-
tion at the receiver. By simultaneously using quadrature phase and several amplitude stages (QAM), greater data-
rate reductions are possible, but at the cost of increased intersymbol interference or poorer signal-to-noise ratio.
The output amplitude and phase states of a modulator are most easily described in polar form with two orthogo-
nal planes or 1/Q axis, as shown on page 361. Diagram (A) shows the ideal phase states of quadrature modula-
tion, which should have no amplitude variations and a perfect quadrature relation between the two I/Q data
streams. However, the small and random vectors from carrier leakage, together with 3 IF diode currents resulting
from high- level 1/Q switching currents, quickly degrade output orthogonality. When good baseband amplitude lin-
earity and 1/Q orthogonality is required, the mixers employed must have very high LO-to-RF isolation and must use
low IF switching power to prevent LO +3 IF currents. High LO-to-RF isolation ensures that small I/Q amplitude
steps, see Diagram (B) x/y axis current steps, will not be phase or amplitude shifted by carrier leakage, particularly
at the center of the chart. Linear modulators are required for the digital communications format of 8 QAM, refer-
ence Diagram (C) plot on right. In this mode of operation the AM and PM noise becomes more important to mini-
mize intersymbol interference, since the modulation states are closer to each other. The signal constellation is also
a useful way of observing interference or channel coupling in the time domain, because the noise dots become
small circles which should not touch each other. Alternatively, an “eye-diagram” is another useful way of observ-
ing 1/Q output errors on a fast oscilloscope.
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MODULATORS (CONT.)

DIAGRAM A DIAGRAM B DIAGRAM C
-5/+5
Q Q
@-—-F--@ iy — S R
- CARRIER
| CARRIE; | | 0 A I LEAKAGE |
1/Q CURRENT :
I LEAKAGE | I 0TO5mA 7 | |
| » | yO.ZSVmA/‘DIV | |
- 4 (® ! 4 0 !
I I
| | | |
® ' '
F--® ———k—-
TTL NONLINEAR I/G DRIVE LINEAR 1/G QUADRATURE LINEAR 1/G@ QUADRA-
(HIGH-LEVEL RF SHOWING DRIVE (LOW-LEVEL IF POWER/ TURE AM (LOW-LEVEL IF,
CARRIER LEAKAGE ERRORS) CURRENT, HIGH-LEVEL RF HIGH-LEVEL RF SHOWING
CARRIER +10 dBm) INTERSYMBOL NOISE)

G5. What mixer and quadrature coupler characteristics are necessary for linear 1/Q modulation
with accurate phase and amplitude states?

AS5. One of the most important mixer characteristics for linear IF (AM) or saturated IF (PM) modulator applica-
tions is high LO-to-RF isolation, because this limits the output carrier rejection. Residual carrier leakage will pro-
duce unwanted amplitude or phase deviations from the ideal signal constellation states of either biphase or
quadraphase modulators. Thus, for biphase or double-sideband modulators, one tries to achieve at least 20 dB car-
rier rejection for biphase accuracy of +11°. For accuracies of +2° and +0.25 dB, one requires all common spectral
lines to be rejected by at least 30 dB. Recently, MITEQ developed a new balun design (DM and SM Series) that
consistently achieves greater than 40 dB LO-to-RF isolation over octave bandwidths (patent pending).

During SSB or QPSK modulation, the quadrature and in phase couplers (and mixers of course) all must
have closely controlled phase and amplitude tracking since +0.5 dB, and/or +10° is required for 25 dB sideband
rejection. However, the interaction of coupler isolation, mixer reflections and the modulator’s source and load
VSWR can also cause sideband rejection ripples to occur. Certain types of single-sideband modulator’s employing
multiple 90° couplers, including the recent MITEQ SME enhanced sideband rejection circuits, are more load and
source termination insensitive than the conventional 90°/0° hybrid configurations.

Q6. What relative input RF and IF power levels are necessary for linear modulation?

AB. When Schottky diode mixers are used as modulators, one must first decide whether to use the RF or IF
(baseband) as the higher power level that will switch the diodes on and off, thus producing multiplication or modu-
lation action. Typically, the lower frequency signal is selected, since this will allow a lower power RF carrier, which
is further rejected by the mixer LO-to-RF isolation. Unfortunately, the diode nonlinear voltage current relation will
produce high (-10 dBc) odd-order harmonics of the baseband signal in the output RF spectrum, particularly if an
odd-harmonic or double-balanced mixer is employed. These harmonics are hard to filter, since they are in close
proximity to the desired output frequency, particularly when low modulation frequencies are used. Alternately, one
could use the RF input carrier as the higher level diode switching signal and apply the IF at -5 to -10 dB lower
power to produce a linear or harmonic-free output spectrum. Harmonics of the high-level RF carrier are usually
ignored since they are easily filtered at twice the RF. The major difficulty with this mode of operation is that
microwave mixers typically only have -25 dB RF to LO or carrier isolation and, therefore, will produce output carri-
er rejection or suppression that is the difference in converted IF power and LO leakage. For an input LO and IF
power difference of 10 dB and conversion loss of 6 dB, the resulting carrier rejection is only (25-10-6=-9 dBc.) Since




/
@&A MODULATORS (CONT.)

this leakage is common to both | and Q spectrums, it represents a severe degradation in channel-to-channel iso-
lation or dynamic 1/Q phase/amplitude accuracy. The advantages of a higher LO-to-RF isolation mixer (45 dB typ-
ical), such as the MITEQ DM or SM Series, is obvious in this mode.

Q7: What determines the output power limits of an upconverter or modulator?

A7: Ordinary Schottky diode ring mixers have an input 1 dB compression power of about 5 dB below the LO
power. Assuming a 7 dB modulator or converter conversion loss for the lower input level signal, we conclude that
the maximum output power is about (7+5) 12 dB less than the LO power. Assuming the mixer employs 2 high-level
GaAs quads requiring +23 dBm, the expected output power is +11 dBm. For many applications, a low-gain power
amplifier is used at the modulator or upconverter output and has the additional advantage of isolating load mis-
match from the mixer.
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Alternately, a more LO efficient balanced MESFET modulator with +23 dBm switching power would yield
an output power of +15 dBm. PIN diodes are also used in modulators as the switching semiconductor. In this case,
the silicon charge carrier’s lifetime is long and, therefore, will be unaffected by high RF input powers (except for
heat dissipation). The main limitation of this device is that the carrier’s lifetime also affects the maximum IF drive
signal frequency (typically 30 MHz or less). Output powers of +20 dBm have been obtained from TTL or ECL
driven QPSK PIN modulators.

Q8: Are there techniques to further enhance carrier rejection?

AS8: Yes, one of the most common is to use an even-harmonic mixer. This circuit will typically achieve 30 to 40
dB output to carrier rejection, but is limited to upconverter usage where the LO is the higher power level and is set
at 1/2 the normal frequency. The main disadvantage of this technique, besides needing 1/2 LO frequency, is that
the phase noise of the LO is also doubled. This technique, when combined with an SSB circuit, is popular for com-
munication link transmitters.

Q9: How much RF bandwidth and sideband rejection at MITEQ is available from current single-
sideband modulators and upconverters being marketed today?

A9: Rejection is limited by the RF quadrature coupler phase and amplitude balance and how well the two
required mixers track. For combined phase/amplitude errors of +5°/+0.5 dB the expected rejection is 24 dB. This
is achievable over a 20 percent bandwidth, whereas an octave 3 to 1 bandwidth unit will seldom exceed 20 dB (2
to 18 and 2 to 26 GHz units are available with 18 and 15 dB typical rejection). The table below shows the output
spectrum of a MITEQ linear modulator with an optimized 90° coupler.

MITEQ MODEL SMQ18A08C
1/ MODULATOR
) OUTPUT SPECTRUM

10 1/Q = -6 dBm EACH |

- RF = +13 dBm
S 20
=
o)
£ -30
a
[9p]

|
0 A I TN A

-50

1.70 1.74 1.78 1.82 1.86 1.90
FREQUENCY (GHz)




\
& MODULATORS (CONT.)

[ In addition, special enhanced rejection SSB upconverters manufactured at MITEQ yield 35 dB typical upper

- or lower sideband suppression over 3 to 1 RF bandwidths. The table below shows data achieved with external | and

8 Q inputs at 60 MHz from MITEQ Model SME0208LI1Q:

E

8

g fo = 0 dBm 1/Q = 60 MHz (+10 dBm)

§ Frequency CL (f + IF) fo - IF fo fo-21IF fo+2IF fo-31IF fo + 3 IF

= (GHz) (Note 1) (Typ.) (Typ.) (Typ.) (Typ.) (Typ.) (Typ.) (Typ.)
2 -8.6 -34.4 -42.9 -43.5 -52.9 -14.7 -33.8
2.5 -8.3 -40 -29.4 -50 -46.3 -15 -32.4
3 -7.6 -441 -28.2 -43.9 -51 -16.6 -31.8
3.5 -6.5 -37.8 -30.8 -42.5 -43.9 -15.8 -34.6
4 -8 -30.3 -28.8 -49.3 -43.8 -14.9 -35.8
4.5 -8.1 -29.9 -31.6 -47.8 -47.8 -17.7 -32.9
5 -8.2 -35.3 -33.3 -51.9 -45.8 -15.7 -30.9
o8 -8.8 -44.5 -27.6 -42.2 -48.1 -14.2 -33.2
6 -8.6 -38.8 -38.7 -40.4 -40.6 -15.1 -35.5
6.5 -9.1 -33.8 -22.8 -41.7 -37.3 -15.5 -36.5
7 -9.8 -31.5 -22.7 -44.1 -36.8 -14.7 -32.9
7.5 -7.2 -42.4 -32.5 -39.9 -31.4 -15.7 -34.3
8 -9.1 -32 -28 -33.3 -42.8 -17.8 -29.9

Worst case -9.8 -29.9 -22.7 -33.3 -31.4 -14.2 -29.9

Note 1: Conversion loss (CL) is relative to lowest power input (f, or ;). All other outputs (including f,) are relative to the desired
upper (fo + fip) output.
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TECHNICAL APPLICATION

HIGH-ISOLATION MODULATORS AND HIGH-LEVEL MIXERS FOR
COMMUNICATION LINKS

From September 1995 Wireless Convention paper

Microwave QAM signals are traditionally generated by linearly mixing or modulating a VHF or UHF carrier oscillator
with band limited | and Q information. The resulting phase and/or amplitude states of the carrier are then multiplied or
upconverted by another mixer, local oscillator and sideband filter to the actual transmitted frequency. I/Q modulation
has traditionally been done in this manner because lower frequency high-isolation mixers tend to yield the best carri-
er and sideband rejection. The latter qualities are most important for accurate 1/Q phase states or transmitted signal
constellations. More recently at MITEQ, the electrical and physical symmetry of microwave baluns have been improved
to yield mixers with LO-to-RF isolations of 45 dB up to 18 GHz. In addition, test data measured on quadrature coupled
enhanced isolation double-balanced 1/Q modulators show 50 to 60 dB carrier isolation in the 2 to 8 GHz frequency
range. Consequently, high carrier rejection, biphase and QPSK linear modulators for manufacturing or testing of
receivers are now possible directly at higher wireless frequencies, without extra frequency conversions. Another tech-
nique for designing linear I/Q modulators and demodulators, is to exploit the properties of even-harmonic mixers. When
these mixers are used, a lower cost up- or downconverting receiver results because the required LO is at half the nor-
mal frequency. The core advantage of the even-harmonic mixer is again very high (55 dB typical) input LO to output 2
LO isolation. In the downconverter case, this also often eliminates the need for an input isolator or filter to stop receiv-
er LO reradiation, again saving cost.

In addition to I/Q modulators, we will also review the advantages of Schottky diode and MESFET mixers for receiver
designs. As the density of signals in a receiver increases, the input IP3 rather than noise figure of the front end begins
to limit the dynamic range. This is particularly true for the newer fixed tuned LO wideband RF “block” downconverters
that utilize digital IF circuits to separate and demodulate each user of the channel. The digital filters can often process
closely spaced signals that are 60 or 80 dB different in power thus requiring similar rejection of spurious mixer outputs.
At MITEQ, we have explored the advantages of fundamental, harmonic and sampling mixers using MESFETSs instead
of Schottky diodes. The result is often a lower cost LO while still maintaining high receiver dynamic range. The princi-
ples of operation for the three common type mixers (fundamental, harmonic and sampling) are reviewed and data is
presented to show the performance obtainable with the newer MESFET equivalent circuits. Sampling mixers can fur-
ther lower the cost or receiver design by utilizing a UHF oscillator to downconvert microwave signals up to 20 GHz.

CONVENTIONAL DOUBLE CONVERSION AND DIRECT WIDE I/Q
BANDWIDTH MODULATOR ARCHITECTURES

CONVENTIONAL LOWEST COST
UPCONVERTER MODULATOR DIRECT MODULATOR

bl funl ol

QJH> %iv

500 MHz 7 GHz 7 GHz
[/Q BW= 50 MHz 1/Q BW= 500 MHz
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TECHNICAL APPLICATION
OUTPUT SPECTRUM OF TYPICAL DOUBLE-BALANCED MIXER MODU-

LATOR USING HIGH POWER RF AND LOWER POWER IF COMPARED
TO REVERSE POWER RELATION

Note: Carrier suppression limited by use of mixer with 20 dB LO-to-RF isolation
(conversion loss of 6 dB).

LINEAR RF MODULATOR e ™\
(RF POWER < IF POWER)

(1)
=
o
=2
(=]
(=]
o
o
o
E
<
-l
=2
(=]
(=]
=

+10+ dBm
RF Out

10} 102008 2008m 4, o
-20.-__+______-._____ i

‘ | ' ' | +10dBm

5 -4-3-2-1|4+1+2+3+4 45

IF RF IF k /

LINEAR IF MODULATOR e ™\
(RF POWER > IF POWER)

+104+ - - 4 - - - - - - - - - - - — -
L 6dBm | '
0t LO-200B, -J------"-
10dBm_ 4dB RF In RF Out
;gj """" ¥ 10 dBm 066
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TECHNICAL APPLICATION

AMPLITUDE/PHASE ERRORS OF BIPHASE AND IDEAL QGUADRATURE
PHASE MODULATOR FROM POOR MIXER LO-TO-RF ISOLATION

LO-TO-RF BPSK AMP. BPSK PHASE / \ §
ISOLATION ERROR (dB) ERROR (Deg.) =
20 0.82 5.7 E

25 0.47 3.2 o

30 0.27 1.8 LO LEAKAGE s

35 0.15 1.0 = 3

40 0.08 0.6 =]

c

(7]

-

(7]

SMALL
DELTA
PHASE
o - ———d -
| | CARRIER
| LEAKAGE
|
| Py T
| [ LARGE RATE
[ | , DELTA
! : | | PHASE
! ' | LOW
' (t) | ISOLATION
I _— | ——
|
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TECHNICAL APPLICATION

POPULAR VHF/UHF AND MICROWAVE BALUNS

TORRID

A =-40 to -50 dB
Frequency = kHz to several GHz
Bandwidth = 100 to 1 Ratio

TAPERED

A =-20 to -30 dB
Frequency = 1 to 40 GHz
Bandwidth = 20 to 1 Ratio

MARCHAND

A =-25to -35 dB
Frequency = 1 to 20 GHz
Bandwidth = 10 to 1 Ratio

A = BALANCE ERROR = 20 Log I+Vsl - |-Vl
dB [+VBl + I-Vsl
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TECHNICAL APPLICATION

EXAMPLE OF MULTIOCTAVE, LINEAR RF, TTL, BIPHASE MODULATOR
USING TAPERED LINE 25 dB BALUNS

MODEL: BMTO0218HC10

*RF ..o 2to 18 GHz

LI I I DC to 20 Mbps
* RF (P1 dBm) .....ccccemmrnrrnne +16 dBm

* Degree accuracy............. +0.4 dB/4°

BIPHASE AMPLITUDE BALANCE
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-0.8
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TECHNICAL APPLICATION

EXAMPLES OF BIPHASE AND GPSK MODULATORS THAT USE NEW
45 dB MICROWAVE BALUN DESIGN

DMO204LA1

IF = -3 dBm (20 MHz) RF = +13 dBm
REF = +13 dBm 10 dB/DIV.

SM2737LI1608
/G = 0 dBm (200 MHz), RF = +10 dBm
fo +IF fo-IF fo fo-2IF fg+2IF fo-3IF fg+3IF -
Freq. Spec.10.5dB 18dBc 18 dBc 30 dBc 30 dBc 18 dBc 18 dBc | w “‘»\'
(GHz) (Max.) (Min.)  (Min.) (Min.) (Min.) (Min.)  (Min.) / - 7
| v i
2.7 -6.1 -28.8  -29.6 -53 -43.5 -47.4 -51.5 / /
2.8 -5.4 -28.8  -30.3 -51.4 -44.5 -45.4 -52.2 J /
2.9 -5.4 -30.5 -30.3 -49 -45.2 -45.4 -53 i
3 -5.7 -29.2 294 -48.9 -44.8 -43.7 -50.6 (7 /
3.1 -5.6 -29.2 -29.6 -48.7 -44.9 -42.5 -50.6 -
3.2 -5.5 -289 -294 -48.8 -45.9 -42.4 -51 -
3.3 -6.3 -28 -28.5 -47.7 -45 -40.4 -51
3.4 -6.3 -28.3 -284 -48 -44.4 -40 -50.9
3.5 -6 -28.6 -28.4 -48.2 -45.4 -40.1 -52.5
3.6 -5.3 -29.3  -282 -50.1 -45 -39.5 -51.1
3.7 -5.2 -30 -27.1 -53.8 -46.1 -37.8 -50.3 QPSK
Worst Case -6.3 -28 -271 -47.7 -43.5 -37.8 -50.3
Note: Upper sideband is desired output. \ /

~

FIXED MKR

50 dB C~F|” 7| -200MH:

308 ] 315048
|

| BPSK
|
| L] \
Center 2.5000 GHz SPAN 200.0 MHz \ /




TECHNICAL APPLICATION

DIRECT MICROWAVE 1/G MODULATOR FOR 7.5/8.2 GHz
SATELLITE COMMUNICATION BAND
(WITH/WITHOUT DC CARRIER SUPPRESSION VOLTAGE)

2
(=]
=)
(=
* RF coverage.......cccccceumrrrrrrnnnnns 7.2 to 8.4 GHz / \ E
. SMOGO07LE3Q S
* RF input power ............cccceeenee. +10 dBm e o
0
¢ 1/Q bandwidth............cccceummennn. DC to 500 MHz 2 8
c
o /Q input 1EVel ....oureereeereeereenrens 0 dBm » g
-
e Carrier suppression ............... 25 dB
(with DC compensation.......... 45 dB)
b.‘ s
\,_..—_q, iy i
ﬂ SDMO0705LI3Q
REF -4.2 dBm REF -4.2 dBm
10 dB 10 dB
0= b'dm FacH I o= b i EAC I
= m I/Q = 0 dBm EACH
DC OFFSET = 0V FIXED MKR DG OFFSET = 0V FIXED MKR
- -20.0 MH _ 20.0 MH
&ii%T =21, 4mvV 6 dBZ &iii? =21,4mv I 6.7 dBZ
I I
| ] I
I |
L | \ *\ |
TR I L A
Center 7.8000 GHz SPAN 199.9 MHz Center 7.8000 GHz SPAN 199.9 MHz
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TECHNICAL APPLICATION

FREQUENCY VS. AMPLITUDE AND PHASE ERRORS OF 1.5 TO 6.0
GHz, 64 GAM 1/G MODULATOR CAUSED BY CARRIER
LEAKAGE (MODEL SMCO206LI1)

(12
[
§ Notes: RF = +16 dBm, ()= carrier leakage
2 BEST ACCURACY WORST CASE
o
g AMPLITUDE AMPLITUDE
E 2 MAX 110 MAX 110
S AMPLITUDE AMPLITUDE
5 " ERROR (dB) 1 ERROR
(=]
) A
= om0 Ac NS N Ny
=]
A Q= 40707V 110=£0.100 V
-2
1.5 GHz 6.5 GHz 6.5
PHASE PHASE
+20° MAX 1/ MAX 1/
PHASE PHASE
L ERROR (Deg.) 0 ERROR
L ﬁ A A
£ ~la A 0 A \/ N ’J
e N~ o J A ol S/
a0 |f 1/Q=+0.707 V -10° 1/Q=+0.100 V
-20° -20°

WIDEBAND, HIGH-ISOLATION 1/G TEST MODULATOR

MODEL: SMC0208LI1Q e ™~

* |deal for high fidelity I/Q or QAM Modulation

¢ Ultra wideband usage .................... 1.5 to 6.5 GHz

e Datarate .......ccccceeciiiirecee e, DC to 500 Mbps
e Input-to-output carrier isolation .... 60 dB

e QPSK amplitude/phase accuracy .. 0.5 dB/5°

OUTPUT SPECTRUM RELATIVE TO UPPER SIDEBAND

Frequency fo +IF fo- IF fo fo-21IF fo+21IF fo-31F fo +3IF
(GHz) (L., dB) (dBc) (dBc) (dBc) (dBc) (dBc) (dBc)
15 103 18 -30 487 -48.9 345 51
2 -7 -25.6 -38.9 -48.8 -49.1 -43.5 -53.8
25 6.7 -34.1 -38.6 485 -50.2 -44.6 -54.2
3 -8.3 -31.2 -41.9 -47.2 -49.5 -47.8 -52.2
35 8 -302 422 -48.6 475 -45.9 -50.4
4 -8.6 -24.5 -30.8 -48.2 -48.6 -48.6 -51.8
45 -8.8 -24.1 -27.8 478 -48.1 -45.8 -52.2
5 -8.9 -27.6 -28.2 -47.6 -48.9 -42.4 -51.7
55 8 -25 -28.7 467 -485 -45.6 517
6 -7.6 -30.2 -28.9 -47 -49 -4 -52.6
6.5 7.7 282 -34.3 472 -49.4 427 516

Notes: LO level: +16 dBm
I/Q level: +4 dBm (20 MHz)
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TECHNICAL APPLICATION

MULTIOCTAVE BANDWIDTH, ENHANCED SIDEBAND REJECTION
IMIODULATOR (TYPICAL PERFORMANCE)

2
(=]
MODEL: SMEO104LI1 4 N\ =
* RF output/carrier input........... 1to 4 GHz E
e Modulation bandwidth............ DC to 500 MHz {50 OHMS) 075 250 E
e Modulation input power ......... +10 to +13 dBm T g
. . k] g
 Sideband suppression............ 30dB 20001500 d

o Carrier rejection ..........cececucue.. 25 dB _ Or

(VP4 PLAGES) / —| fzs0
TERMINATE UNUSED IF PORT-
FTFY(P:OAtNIL\lIFA%rEOS? SMA FEMALE
o 1 ST M=

|
|
| QPSK
|
|

|
|
|

 RF_LO j_\-x—wv—_'_ i \ /

5
RF (OUT) ————F—— NLE
éANM—
1

X

QPSK
RF LO

Frequency fo-31IF fo-21IF f - IF fo fg +IF fo+2IF fo+3IF
(GHz) (L., dB) (dBc) (dBc) (dBc) (tBc) (dBc) (dBc)
1 412 445 0 -28.7 -20.6 459 124
15 -35.5 -47.4 0 -35.4 -30 635 137
2 -35.7 -50.3 0 -29.5 -32.3 -47.1 127
25 -32.9 -39.2 0 -26.8 -32.7 -58.2 145
3 -31 -39.2 0 -28.9 -317 -46.2 -15.1
35 -34.5 -38.9 0 -30 -30.1 -44.1 136
4 -31.8 -44.9 0 -253 -25.1 -45.4 137
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MODULATOR ORDERING INFORMATION

IF

MODEL LEVEL FREQUENCY
o NUMBER OPTION (*) OPTION (**)
]
=] BMT65175HC10MD - -
] BMA0502LA2MD - ;
a BMA0104LA1MD - -
g BMA0208LW2MD - -
g BMAO0218LATMD - -
3 BMT0218HC10MD - -
8 BMA0618LA1MD - -
= SDM0502LC1MD(**) - A,B,C,Q
SMT0502(*)C1MD L H -
SDM0102()C1MDQ L H -
SDM0104LC1MD(**) - A,B,C,Q
SMEO104LITMD(**) - A,B,C,Q
SSM0204(*)C2MD(**) LM, H AB,C,Q
SSM0208(*)C2MD(**) LM, H AB,C,Q
SME0208LITMD(**) - A,B,C,Q
SSM0408(*)C2MD(**) LM, H AB,C,Q
SSM0812(*)C2MD(**) LM, H AB,C,Q
SMT0218(*)C1MD L H -
SM0218LC1MD(*) - A,B,C,Q
SSM0618(*)C2MD(*) LM, H AB,C,Q
SMEO618LITMD(**) - A,B,C,Q
SSM1218(*)C2MD(**) LM, H AB,C,Q
SM0226L.C1MD(*) - A,B,C,Q
SDM0102LC1CD(*) - A,B,C,Q
SM2737LI6CD(**) - A,B,C,Q
SDM0104LC1CD(*) - A,B,C,Q
SMC0206L11CD(*) - A,B,C,Q
SDM0307L11CDQ - -
SDM0208LC1CD(*) - A,B,C,Q
SDM0708LI3CDQ - -
SMLO711LMBCDQ - -
SDM1015LI3CDQ - -
SM0218LC1CD(*) - A,B,C,Q
SME0618LI1CD(**) - A,B,C,Q
SMC0618LI1CD(*) - A,B,C,Q
SM1826NI7CD(**) - A,B,C,Q

\ SM3435LI7CD(**) - A B, C /

373
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