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81 GHz to 86 GHz
E-Band I/Q Downconverter

HMC 7587

FEATURES

Conversion gain: 10 dB typical

Image rejection: 30 dBc typical

Noise figure: 6 dB typical

Input power for 1 dB compression (P1dB): —10 dBm typical
Input third-order intercept (IP3): -2 dBm typical

Input second-order intercept (IP2): 25 dBm typical

6x LO leakage at RFIN: —40 dBm typical

Radio frequency (RF) return loss: 10 dB typical

Local oscillator (LO) return loss: 20 dB typical

Die size: 3.599 mm X 2.199 mm x 0.05 mm

APPLICATIONS

E-band communication systems
High capacity wireless backhauls
Test and measurement

GENERAL DESCRIPTION

The HMC7587 is an integrated, E-band gallium arsenide (GaAs),
monolithic microwave integrated circuit (MMIC), in-phase/
quadrature (I/Q) downconverter chip that operates from 81 GHz
to 86 GHz. The HMC7587 provides a small signal conversion
gain of 10 dB with 30 dBc of image rejection across the frequency
band. The device uses a low noise amplifier followed by an image
rejection mixer that is driven by a 6x multiplier.

The image rejection mixer eliminates the need for a filter following
the low noise amplifier. Differential I and Q mixer outputs are
provided for direct conversion applications. Alternatively, the
outputs can be combined using an external 90° hybrid and two
external 180° hybrids to allow for single-sideband applications. All
data includes the effect of a 3 mil wide ribbon wedge bond on the
RF port, and a 1 mil gold wire wedge bond on the intermediate
frequency (IF) ports.
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HMC73587

SPECIFICATIONS

Ta =25°C, IF = 500 MHz, Voumx = =1 V, Vpames = 4 V, Vomurr = 1.5 V, voltage on the Vornax pins (Vowa) =3 V, LO = 2 dBm, upper sideband

selected. Measurements performed as a downconverter with external 90° and 180° hybrids at the IF ports, unless otherwise noted.

Table 1.
Parameter Test Conditions/Comments Min Typ Max Unit
OPERATING CONDITIONS
RF Frequency Range 81 86 GHz
LO Frequency Range 11.83 14.33 GHz
IF Frequency Range 0 10 GHz
LO Drive Range 2 8 dBm
PERFORMANCE
Conversion Gain 8 10 dB
Image Rejection 20 30 dBc
Input Third-Order Intercept (IP3) -2 dBm
Input Second-Order Intercept (IP2) 25 dBm
Input Power for 1 dB Compression (P1dB) -10 dBm
6x LO Leakage at RF Input (RFIN) -40 dBm
1x LO Leakage at IF Output (IFOUT) -50 dBm
Amplitude Balance'’ -0.5 dB
Phase Balance’ +4 Degrees
Noise Figure 6 dB
RF Return Loss LO=2dBmat 12 GHz 10 dB
LO Return Loss 20 dB
IF Return Loss' 25 dB
POWER SUPPLY
Supply Current
Ipamp? 175 mA
lomurr? Under LO drive 80 mA
IoLna® 50 mA

' These measurements were performed without external hybrids at the IF ports.

2 Adjust Veame between —2 V and 0V to achieve the total quiescent current, loawe = loaver + loamvez = 175 mA.

3 Adjust Vex2 and Vexs between —2 V and 0 V to the achieve the quiescent current, lowur = 1 mA to 2 mA. See the Applications Information section for more information.

4 Adjust Venax between —2 V and 0 V to achieve the quiescent current, lowvar + lownaz + Iownas + Ioinas = 50 mA.
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HMC73587

ABSOLUTE MAXIMUM RATINGS

THERMAL RESISTANCE
Table 2.
Parameter Rating Table 3. Thermal Resistance
Drain Bias Voltage Package Type 0, Unit
Voame1, Voave2 45V 40-Pad Bare Die [CHIP] 61.7 °C/W
Vomur 3V ' Based on ABLEBOND® 84-1LMIT as die attach epoxy with thermal
Vounat, Voinaz, Voinas, Voinag 45V conductivity of 3.6 W/mK.
Gate Bias Voltage
Veawe -3VtoOV ESD CAUTION
Vax, Vaxs -3VtoOV ESD (electrostatic discharge) sensitive device.
_ Charged devices and circuit boards can discharge
Vauat, Vaunaz, Veunas, Vaunas 3Viwoov ‘ without detection. Although this product features
Vamix -3VtoOV patented or proprietary protection circuitry, damage
LO Input Power 10 dBm ‘ 1% I \ may occur on devices subjected to high energy ESD.
Maxi J tion T t (t 175°C Therefore, proper ESD precautions should be taken to
ammum uncilo.n emperature 9 avoid performance degradation or loss of functionality.
Maintain 1 Million Hours Mean Time to
Failure (MTTF))
Storage Temperature Range —65°C to +150°C
Operating Temperature Range —55°Cto +85°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may

affect product reliability.

Rev. A | Page 4 of 55




HMC73587

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Table 4. Pad Function Descriptions

Figure 2. Pad Configuration

Pad No. Mnemonic Description
1,7,9,11,13,15,17, | GND Ground Connect (See Figure 3).
19,21, 22, 24, 25, 27,
29,31, 33,35,37,39
2,3 IFQP, IFQN Positive and Negative IF Q Inputs. These pads are dc-coupled. When operation to dc is not
required, block these pads externally using a series capacitor with a value chosen to pass the
necessary frequency range. For operation to dc, these pads must not source or sink more than
3 mA of current or die malfunction and possible die failure may result (see Figure 4).
4,5 IFIN, IFIP Negative and Positive IF | Inputs. These pads are dc-coupled. When operation to dc is not
required, block these pads externally using a series capacitor with a value chosen to pass the
necessary frequency range. For operation to dc, these pads must not source or sink more than
3 mA of current or die malfunction and possible die failure may result (see Figure 4).
6 Vamix Gate Voltage for the FET Mixer (See Figure 5). External bypass capacitors of 120 pF, 0.01 pF, and
4.7 YF are recommended (see Figure 211).
8,12 Voamp2, Voamp: Power Supply Voltage for the First and the Second Stage LO Amplifier (See Figure 5). External
bypass capacitors of 120 pF, 0.01 yF, and 4.7 pF are recommended (see Figure 211).
10 Veame Gate Voltage for the First and the Second Stage LO Amplifier (See Figure 5). External bypass capacitors
of 120 pF, 0.01 yF, and 4.7 uF are recommended (see Figure 211).
14 Vomuir Power Supply Voltage for the LO Multiplier (See Figure 5). External bypass capacitors of 120 pF,
0.01 pyF, and 4.7 yF are recommended (see Figure 211).
16,18 Vaxs, Vaxa Gate Voltage for the LO Multiplier (See Figure 5). External bypass capacitors of 120 pF, 0.01 pF, and
4.7 UF are recommended (see Figure 211).
20 LOIN Local Oscillator Input. This pad is dc-coupled and matched to 50 Q (see Figure 6).
23 RFIN RF Input. This pad is ac-coupled and matched to 50 Q (see Figure 7).
26, 30, 34,38 Vanat, Veinaz, Gate Voltage for the Low Noise Amplifier (See Figure 8). External bypass capacitors of 120 pF,
Veinaz, Vainag 0.01 pF, and 4.7 yF are recommended (see Figure 211).

28,32, 36,40 Vounat, Voinaz, Power Supply Voltage for the Low Noise Amplifier (See Figure 8). External bypass capacitors of
Vounas, Vounag 120 pF, 0.01 yF, and 4.7 uF are recommended (see Figure 211).

Die Bottom GND Ground. The die bottom must be connected to RF/dc ground (see Figure 3).
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HMC7387

INTERFACE SCHEMATICS
LOIN
GND 2 ©
Figure 3. GND Interface Figure 6. LOIN Interface
IFIN, IFIP,
IFQN, IFQP
E % 2000 g g
1 1 ] —l-oRFIN 2
Figure 4. IFIN, IFIP, IFQN, and IFQP Interface Figure 7. RFIN Interface
Vbamp1: Vpamp2: VbLNA1: VDLNA2:
DMULT VbLNA3: VDLNA4
100Q = 100Q
Vemix: Veamp: z VeLnat: VeLNa2: z
Vexa: Vexs ] VeLNA3s VGLNA4 s
Figure 5. Vemix, Voampi, Voamez, Vomuir, Veame, Viexz, and Vexs Interface Figure 8. Voinai, Vioinaz, Viounas, Vioinas, Veinar, Veinas, Veinas, and Vieinas Interface
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HMC73587

TYPICAL PERFORMANCE CHARACTERISTICS

UPPER SIDEBAND SELECTED, IF = 500 MHz
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Figure 9. Conversion Gain vs. RF Frequency at Various Temperatures,
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Figure 12. Conversion Gain vs. RF Frequency at Various Temperatures,

RFIN =—-20dBm, LO = 2 dBm, IF = 500 MHz, Voltage on the Vpinax Pins
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Figure 10. Conversion Gain vs. RF Frequency at Various LO Powers,
RFIN = —20 dBm, IF = 500 MHz, Voina =4V
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Figure 11. Conversion Gain vs. RF Frequency at Various Ipwna Values,
RFIN =—-20dBm, LO =2 dBm, IF =500 MHz, Vpoina =4V
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Figure 14. Conversion Gain vs. RF Frequency at Various Ipwna Values,
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Figure 18. Image Rejection vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO = 2 dBm, IF = 500 MHz, Voina =3V
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Figure 16. Image Rejection vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 500 MHz, Voina =4V

Figure 19.Image Rejection vs. RF Frequency at Various LO Powers,
RFIN = —20dBm, IF = 500 MHz, Voina =3V
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Figure 17. Image Rejection vs. RF Frequency at Various Ipwna Values,
RFIN =-20dBm, LO = 2dBm, IF = 500 MHz, Voina =4V

Figure 20. Image Rejection vs. RF Frequency at Various Ipwna Values,
RFIN =—-20dBm, LO = 2 dBm, IF = 500 MHz, Voina=3V
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Figure 21. Input IP3 vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO=2dBm, IF =500 MHz, Voina =4V
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Figure 22. Input IP3 vs. RF Frequency at Various LO Powers,
RFIN =—20dBm, IF = 500 MHz, Voina =4V
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Figure 24. Input IP3 vs. RF Frequency at Various Temperatures,
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Figure 27. Input IP2 vs. RF Frequency at Various Temperatures, Figure 30. Input IP2 vs. RF Frequency at Various Temperatures,
RFIN = —20dBm, LO =2 dBm, IF = 500 MHz, Vpina =4V RFIN =—-20dBm, LO = 2 dBm, IF = 500 MHz, Voina= 3V
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Figure 28. Input IP2 vs. RF Frequency at Various LO Powers, Figure 31. Input IP2 vs. RF Frequency at Various LO Powers,
RFIN = -20 dBm, IF = 500 MHz, Voina =4V RFIN = —-20 dBm, IF = 500 MHz, Voina =3V
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Figure 29. Input IP2 vs. RF Frequency at Various Ipina Values, Figure 32. Input IP2 vs. RF Frequency at Various Ip.na Values,
RFIN =—-20dBm, LO = 2dBm, IF = 500 MHz, Voina =4V RFIN =—-20dBm, LO = 2dBm, IF = 500 MHz, Voina =3V
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Figure 33. Input P1dB vs. RF Frequency at Various Temperatures,
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Figure 36. Input P1dB vs. RF Frequency at Various Temperatures,
LO=2dBm, IF =500 MHz, Voina= 3V
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Figure 37. 6x LO Leakage at RFIN vs. 6x LO Frequency
at Various Temperatures, LO =2 dBm, Voina=3V
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Figure 38. 6x LO Leakage at RFIN vs. 6x LO Frequency
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Figure 39. RF Return Loss vs. RF Frequency at Various Temperatures,
LO=2dBm,LO=12GHz, Voina=4V

Figure 42. RF Return Loss vs. RF Frequency at Various Temperatures,
LO=2dBm,LO=12GHz, Voina=3V
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Figure 40. LO Return Loss vs. LO Frequency at Various Temperatures, Figure 43. LO Return Loss vs. LO Frequency at Various LO Powers,
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Figure 44. Conversion Gain vs. RF Frequency at Various Temperatures,
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Figure 45. Conversion Gain vs. RF Frequency at Various LO Powers,
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Figure 46. Conversion Gain vs. RF Frequency at Various Ipwna Values,
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Figure 49. Conversion Gain vs. RF Frequency at Various Ipwna Values,
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Figure 48. Conversion Gain vs. RF Frequency at Various LO Powers,
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Figure 47. Conversion Gain vs. RF Frequency at Various Temperatures,
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Figure 50. Image Rejection vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Voina =4V
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Figure 51. Image Rejection vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 1000 MHz, Vouna =4V
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Figure 53. Image Rejection vs. RF Frequency at Various Temperatures,
RFIN = —20dBm, LO =2 dBm, IF = 1000 MHz, Vpina =3 V
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Figure 54. Image Rejection vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 1000 MHz, Voina =3V
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Figure 52. Image Rejection vs. RF Frequency at Various Iowna Values,
RFIN =-20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =4V
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Figure 55. Image Rejection vs. RF Frequency at Various Ipina Values,
RFIN =—20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =3 V
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Figure 56. Input IP3 vs. RF Frequency at Various Temperatures,
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Figure 57. Input IP3 vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 1000 MHz, Vouna =4V

10

-6

-8

-10

81.0 81.5 820 825 83.0 835 84.0 845 850 855 86.0

T T
— IpLna = SMA IpLna = 30mA
IpLna = 1T0mA IpLna = 35mA
— IpLna = 15MA IpLna = 40mA
———Ip.Na =20mA —— Ip Na = 45mMA
— ——IpLNA = 25MA  —— Ip; Na = 50mA
——— ]

RF FREQUENCY (GHz)

Figure 58. Input IP3 vs. RF Frequency at Various Ipina Values,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =4V
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Figure 59. Input IP3 vs. RF Frequency at Various Temperatures,

RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Voina =3 V
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Figure 60. Input IP3 vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 1000 MHz, Voina =3V
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Figure 61. Input IP3 vs. RF Frequency at Various Io.na Values,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =3 V
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Figure 62. Input IP2 vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Vpina =4V
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Figure 63. Input IP2 vs. RF Frequency at Various LO Powers,
RFIN = —20 dBm, IF = 1000 MHz, Voina =4V
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Figure 64. Input IP2 vs. RF Frequency at Various Ipina Values,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =4V
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Figure 65. Input IP2 vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Voina =3V
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Figure 66. Input IP2 vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 1000 MHz, Voina =3V
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Figure 67. Input IP2 vs. RF Frequency at Various Io.xa Values,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Voina =3V
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Figure 68. Input P1dB vs. RF Frequency at Various Temperatures,
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Figure 69. Input P1dB vs. RF Frequency at Various Temperatures,

LO=2dBm, IF = 1000 MHz, Voina =3V
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Figure 70. Conversion Gain vs. RF Frequency at Various Temperatures,

RFIN =—-20dBm, LO = 2 dBm, IF = 2000 MHz, Voina =4V
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Figure 71. Conversion Gain vs. RF Frequency at Various LO Powers,
RFIN = —20 dBm, IF = 2000 MHz, Vpoina =4V
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Figure 72. Conversion Gain vs. RF Frequency at Various Ipwna Values,
RFIN =-20dBm, LO = 2dBm, IF = 2000 MHz, Voina =4V
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Figure 74. Conversion Gain vs. RF Frequency at Various LO Powers,
RFIN = —20 dBm, IF = 2000 MHz, Voina =3V
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Figure 75. Conversion Gain vs. RF Frequency at Various Ipwna Values,
RFIN =—-20dBm, LO =2 dBm, IF = 2000 MHz, Voina =3 V
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Figure 73. Conversion Gain vs. RF Frequency at Various Temperatures,
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Figure 76. Image Rejection vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO = 2 dBm, IF = 2000 MHz, Vpoina =4V
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Figure 77. Image Rejection vs. RF Frequency at Various LO Powers,
RFIN =—20dBm, IF = 2000 MHz, Vowna =4V
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Figure 78. Image Rejection vs. RF Frequency at Various Iowna Values,
RFIN = —20dBm, LO = 2 dBm, IF = 2000 MHz, Vpina =4V
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Figure 79. Image Rejection vs. RF Frequency at Various Temperatures,

RFIN =—-20dBm, LO = 2 dBm, IF = 2000 MHz, Voina =3V
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Figure 80. Image Rejection vs. RF Frequency at Various LO Powers,
RFIN = —20 dBm, IF = 2000 MHz, Voina =3V
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Figure 81. Image Rejection vs. RF Frequency at Various Ipina Values,
RFIN = —20dBm, LO = 2 dBm, IF = 2000 MHz, Vpina =3V
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Figure 82. Input IP3 vs. RF Frequency at Various Temperatures, Figure 85. Input IP3 vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO = 2 dBm, IF = 2000 MHz, Voina =4V RFIN = —-20dBm, LO = 2 dBm, IF = 2000 MHz, Vpoina =3 V
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Figure 83. Input IP3 vs. RF Frequency at Various LO Powers, Figure 86. Input IP3 vs. RF Frequency at Various LO Powers,
RFIN =—20dBm, IF = 2000 MHz, Voina =4V RFIN = —20 dBm, IF = 2000 MHz, Voina =3V
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Figure 87. Input IP3 vs. RF Frequency at Various Io.na Values,
RFIN =—20dBm, LO = 2 dBm, IF = 2000 MHz, Vpoina =3V

Figure 84. Input IP3 vs. RF Frequency at Various Ipina Values,
RFIN = —20dBm, LO = 2 dBm, IF = 2000 MHz, Vpina =4V
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Figure 88. Input IP2 vs. RF Frequency at Various Temperatures,

RFIN =-20dBm, LO = 2dBm, IF = 2000 MHz, Voina =4V
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Figure 89. Input IP2 vs. RF Frequency at Various LO Powers,
RFIN =—-20dBm, IF = 2000 MHz, Vouna =4V
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Figure 90. Input IP2 vs. RF Frequency at Various Ip.na Values,
RFIN =—-20dBm, LO =2 dBm, IF = 2000 MHz, Vpina =4V
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Figure 91. Input IP2 vs. RF Frequency at Various Temperatures,

RFIN =—-20dBm, LO =2 dBm, IF = 2000 MHz, Voina=3 V
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Figure 92. Input IP2 vs. RF Frequency at Various LO Powers,
RFIN = —20dBm, IF = 2000 MHz, Voina =3V
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Figure 93. Input IP2 vs. RF Frequency at Various Ipina Values,
RFIN = —-20dBm, LO =2 dBm, IF = 2000 MHz, Vpina =3V

13141-096

13141-097



HMC73587

-2

+85°C
+25°C
-55°C

-
>
nmunn

L—1
L

P1dB (dBm)
b

-16
81.0 81.5 820 825 83.0 835 84.0 845 850 855 86.0

RF FREQUENCY (GHz)

Figure 94. Input P1dB vs. RF Frequency at Various Temperatures,
LO =2dBm, IF =2000 MHz, Voina =4V
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Figure 95. Input P1dB vs. RF Frequency at Various Temperatures,
LO =2dBm, IF =2000 MHz, Voina =3V
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NOISE FIGURE PERFORMANCE WITH UPPER SIDEBAND SELECTED
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Figure 96. Noise Figure vs. RF Frequency at Various Temperatures,
LO =2dBm, IF =500 MHz, Voina= 3V
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Figure 97. Noise Figure vs. RF Frequency at Various Temperatures,
LO=2dBm, IF = 1000 MHz, Voina=3 V
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Figure 98. Noise Figure vs. RF Frequency at Various Temperatures,
LO =2dBm, IF =2000 MHz, Voina= 3V
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Figure 99. Noise Figure vs. RF Frequency at Various LO Powers,
IF =500 MHz, Voina =3V
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Figure 100. Noise Figure vs. RF Frequency at Various LO Powers,
IF = 1000 MHz, Voina =3V
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Figure 101. Noise Figure vs. RF Frequency at Various LO Powers,
IF =2000 MHz, Voina =3V
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AMPLITUDE BALANCE PERFORMANCE WITH UPPER SIDEBAND SELECTED
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Figure 102. Amplitude Balance vs. RF Frequency at Various Temperatures, Figure 105. Amplitude Balance vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO=2dBm, IF =500 MHz, Vpoina =4V RFIN = -20dBm, LO =2 dBm, IF = 500 MHz, Vpina =3 V
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Figure 103. Amplitude Balance vs. RF Frequency at Various Temperatures, Figure 106. Amplitude Balance vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO =2 dBm, IF = 1000 MHz, Vouna =4V RFIN =—20dBm, LO =2 dBm, IF = 1000 MHz, Vpouna =3 V
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Figure 104. Amplitude Balance vs. RF Frequency at Various Temperatures, Figure 107. Amplitude Balance vs. RF Frequency at Various Temperatures,
RFIN =—-20dBm, LO = 2 dBm, IF = 2000 MHz, Voina =4V RFIN =—20 dBm, LO =2 dBm, IF = 2000 MHz, Voina =3V
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