DSAN Low Noise Amplifier Digitally Controlled Bias Supply

Glenn Jones <jones_gl@caltech.edu>

Description

Each DSAN receiver covers two bands (X and Ka) and both polarizations (LCP and RCP). Each of these four channels (XL, XR, KaL, KaR) requires an LNA. Since the exact LNA choices have not yet been finalized, it is important that the LNA bias supply be reasonably flexible to accommodate the possible choices. Thus the present bias supply has separate outputs for the gate and drain of two MMIC LNAs per channel, for a total of 8 gate supplies and 8 drain supplies. In addition, the bias voltages are set by non-volatile digital potentiometers enabling significant automation in configuration and testing. For example, the LNAs can be tested for pinch-off from the control room by sending commands to the front-end motherboard to change the bias settings while monitoring the bias voltages and currents.

Specifications

The basic specifications are for 8 gate and 8 drain bias supplies. The output voltage range of each supply can be set by changing some fixed resistor values. The maximum gate voltage range is +/-2.5 V and the maximum drain voltage range is 0 – 2.5 V. The prototype supplies are configured to limit the gate voltage to approximately +/-0.8V, while the drain supplies span 0 – 2.5 V. It is very important that the supplies do not generate any transient voltages that could damage an LNA. While the LNAs should have clamping diodes for protection, it was decided not to add clamping diodes directly to the supply output because the leakage current through the diodes would interfere with accurate measurement of the gate current.
Another important consideration is compensating for voltage drop in the ground return lines. This was a significant problem in the original analog bias supply design. Voltage differences of 100mV or more have been seen in between the motherboard and the bias supply, and between the bias supply and the LNAs. The present design senses the ground voltage potential at the LNA for each of the four channels, as well as the potential at the motherboard. These sensed voltages are then corrected for automatically, yielding accurate measurements.
Digital Potentiometer Discussion

Selection

While it is always desirable to have multiple sources for a component, especially for a circuit which is expected to be used for many years, digital potentiometers are such a specialized component that this was not a reasonable requirement. The only critical requirement for the digipot is non-volatility; that is, it must return to the same position after a power failure. To simplify the design, it should have at least 10-bit resolution, be able to handle a bipolar supply, and be configurable with as few pins as possible. Of all the digipots considered, only the AD5235 met all of these specifications.
Interface

The AD5235 uses a standard SPI digital interface which consists of 4 signals, Chip Select, Clock, Data In, and Data Out. When used singularly, the Data Out signal can be used to read back the tap (wiper) position for verification. The Data Out signal can also be used to daisy-chain several AD5235 chips together to reduce to total number of interface pins required. In this application, the daisy-chain feature is used, so it is not possible to read back the tap position of the potentiometer. The control signals from the motherboard are Chip Select, Clock, and Data In. The Chip Select and Clock signals are connected to all of the digipot chips. The Data In signal from the motherboard is connected to the first digipot. The Data Out and Data In signals are then daisy-chained from each digipot to the next. As indicated in the AD5235 datasheet, each digipot expects a 24-bit command. Thus the motherboard will clock in 8 * 24 bits to load each digipot with a command and then latch the command with the Chip Select signal. If only one digipot needs to be updated, the motherboard can send No-Operation (NOP) commands to the other digipots. 
Power

The AD5235 is only designed to work with a 5V difference between its power supply rails (Vdd and Vss). Thus in bipolar operation, Vdd should be at +2.5V and Vss should be at -2.5V. These voltages are derived from the +/-5V rails by LM317 and LM337 adjustable regulators.
Circuit Description

The 8 gate and 8 drain bias supplies are implemented as 8 copies of a common circuit. The part numbers mentioned in the following description are from the first gate/drain pair on the KaL channel, and are representative of the other 7 copies.
Common Circuitry

IC17 – TLC2274A. Each of these four op-amps is set up as a unity gain buffer to buffer the ground sense signal from each channel. R205 ensures that the ground sense signal does not go wild if there is no ground sense connection at the LNA by defaulting to the local ground. C70 helps with noise rejection.
R55 – Ensures that the motherboard ground sense signal does not float if there is no ground sense connection at the motherboard by defaulting to the local ground.

R98, R149, R200, R219, R220, R221 – These resistors form simple level shifters to interface the 5 V TTL signals from the motherboard to the +2.5 V signals expected by the digital potentiometers.

IC24 – LT1175 -5V regulator. Provides -5V rail from the -15 V supply.

R210, R211 – These resistors reduce the power dissipated by IC24. 
Representative Bias Circuitry

IC18 – LM317 adjustable positive regulator. Each channel has a regulator circuit to produce +/-2.5 V rails relative to the channel’s ground sense level. These rails set the potentiometer output range relative to the ground level sensed at the LNA.

IC26 – LM337 adjustable negative regulator. Each channel has a regulator circuit to produce +/-2.5 V rails relative to the channel’s ground sense level. These rails set the potentiometer output range relative to the ground level sensed at the LNA.
C82, C83 – 4.7uF tantalum. The choice of these capacitors is important in ensuring stability of the LM317 and LM337 regulators. Originally, 1uF ceramic capacitors with ‘F’ dielectric were tried, but they caused the regulators to oscillate. 

IC23 – AD5235 digital potentiometer. See the digital potentiometer section for more information. This chip contains two digital potentiometers, thus there is one chip for each gate/drain pair. For the basic circuit functionality, they can be considered as simply two standard 25 kΩ potentiometers. The gate pot is biased between the +/-2.5V rails and the drain between +2.5V and the local channel ground. The position of the potentiometer determines the bias setting for that circuit.
R222 – 1 kΩ pull-up resistor. This resistor is necessary for the digital interface between the potentiometers.

Gate Bias Circuitry

R53, R54 – These resistors form a voltage divider that ensures the gate voltage setting stays within a safe range. For example, the default values of 100 kΩ and 46.4 kΩ respectively limit the output voltage to approximately +/-0.8V. C7 helps reject noise on this gate voltage set point signal.

IC5B – ¼ of TLC2274. This op-amp provides the actual gate bias. Following the standard op-amp rule, it attempts to keep pin 6 (the output to the LNA) at the same potential as pin 5 (the bias set point derived from the pot setting) by sourcing or sinking current at pin 7. 

R51 – 100 kΩ. This is a current sense resistor for sensing the gate current.

R56, C12 – 100 Ω and 0.1uF. These components help ensure that any fast output transient from the op-amp will not get to the LNA, and generally provide some noise rejection.

IC5A – ¼ of TLC2274. This op-amp buffers the voltage measured at the LNA gate terminal.

IC5C – ¼ of TLC2274. This op-amp is configured as a unity gain differential amplifier. It measures the voltage across R51 (R56 is insignificant compared to R51) to provide the gate current measurement signal to the motherboard. As can be seen, the common node is tied to the motherboard ground sense signal. Thus the current sense voltage is referenced to the motherboard ground.
IC5D– ¼ of TLC2274. This op-amp is configured as a unity gain differential amplifier. It measures the actual gate voltage by subtracting the measured gate voltage at the bias supply and the channel ground sense signal. Again, the common node is tied to the motherboard ground sense signal so that the voltage measurement output is referenced to the motherboard ground.

Drain Bias Circuitry

The drain bias circuit has essentially the same topology as the gate bias circuit with some different component values to allow for higher output current. In addition, the output of the supply op-amp IC4B has a common-collector follower comprised of D2 and T2 to provide more current drive capability. 
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[image: image4.emf]AMDCMDMSNPin Description

1

Ka Left Gate 1 Voltage 

1 1

2

Ka Left Drain 1 Voltage 

1 2

3

Ka Left Gate 2 Voltage 

1 3

4

Ka Left Drain 2 Voltage 

1 4

5

X Left Gate 1 Voltage 

1 5

6

X Left Drain 1 Voltage 

1 6

7

X Left Gate 2 Voltage 

1 7

8

X Left Drain 2 Voltage 

1 8

9

Ka Right Gate 1 Voltage 

1 9

10

Ka Right Drain 1 Voltage 

1 10

11

Ka Right Gate 2 Voltage 

1 11

12

Ka Right Drain 2 Voltage 

1 12

13

X Right Gate 1 Voltage 

1 13

14

X Right Drain 1 Voltage 

1 14

15

X Right Gate 2 Voltage 

1 15

16

X Right Drain 2 Voltage 

1 16

17

Ka Left Gate 1 Current 

1 17See notes for voltage to current conversion formulas

18

Ka Left Drain 1 Current 

1 18

19

Ka Left Gate 2 Current 

1 19

20

Ka Left Drain 2 Current 

1 20

21

X Left Gate 1 Current 

1 21

22

X Left Drain 1 Current 

1 22

23

X Left Gate 2 Current 

1 23

24

X Left Drain 2 Current 

1 24

25

Ka Right Gate 1 Current 

1 25

26

Ka Right Drain 1 Current 

1 26

27

Ka Right Gate 2 Current 

1 27

28

Ka Right Drain 2 Current 

1 28

29

X Right Gate 1 Current 

1 29

30

X Right Drain 1 Current 

1 30

31

X Right Gate 2 Current 

1 31

32

X Right Drain 2 Current 

1 32

33

GND

33

34

Serial ID 

134Silicon Serial Number for this module

35

+5

35

36

GND

36

37

-15V

37

Totals 32 0 0 1

LNA Bias Module Pinouts

LNA Bias (LNB) - D37M

Monitor Points
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1

CS

1

to PIC pin RA0

2

SCK

2

to PIC pin RA1

3

SDIN

3

to PIC pin RA2

4

SCK

4

to PIC pin RA1

5

CS

5

to PIC pin RA0

6

Gnd

6

7

Gnd

7

8

Gnd

8

9

Gnd

9

Digital Potentiometer Programming Interface

Lna Bias Programming (BCON) - D9M



[image: image6.emf]Pin Description

1Ka Left Gate 1 Bias  1

2Ka Left Drain 1 Bias  2

3Ka Left Gate 2 Bias  3

4Ka Left Drain 2 Bias  4

5X Left Gate 1 Bias  5

6X Left Drain 1 Bias  6

7X Left Gate 2 Bias  7

8X Left Drain 2 Bias  8

9Ka Right Gate 1 Bias  9

10Ka Right Drain 1 Bias  10

11Ka Right Gate 2 Bias  11

12Ka Right Drain 2 Bias  12

13X Right Gate 1 Bias  13

14X Right Drain 1 Bias  14

15X Right Gate 2 Bias  15

16X Right Drain 2 Bias  16

17Ka Left Ground Sense 17

Ground sense connections should be 

made as close as possible to the LNA

18X Left Ground Sense 18

19Ka Right Ground Sense 19

20X Right Ground Sense 20

21GND 21

22GND 22

23GND 23

24GND 24

25GND 25

D25F

LNA Bias Outputs Interface
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_1182168706.xls
Sheet1

		LNA Bias Module Pinouts

		Monitor Points

		LNA Bias (LNB) - D37M				AM		DCM		DM		SN		Pin		Description

		1		Ka Left Gate 1 Voltage		1								1

		2		Ka Left Drain 1 Voltage		1								2

		3		Ka Left Gate 2 Voltage		1								3

		4		Ka Left Drain 2 Voltage		1								4

		5		X Left Gate 1 Voltage		1								5

		6		X Left Drain 1 Voltage		1								6

		7		X Left Gate 2 Voltage		1								7

		8		X Left Drain 2 Voltage		1								8

		9		Ka Right Gate 1 Voltage		1								9

		10		Ka Right Drain 1 Voltage		1								10

		11		Ka Right Gate 2 Voltage		1								11

		12		Ka Right Drain 2 Voltage		1								12

		13		X Right Gate 1 Voltage		1								13

		14		X Right Drain 1 Voltage		1								14

		15		X Right Gate 2 Voltage		1								15

		16		X Right Drain 2 Voltage		1								16

		17		Ka Left Gate 1 Current		1								17		See notes for voltage to current conversion formulas

		18		Ka Left Drain 1 Current		1								18

		19		Ka Left Gate 2 Current		1								19

		20		Ka Left Drain 2 Current		1								20

		21		X Left Gate 1 Current		1								21

		22		X Left Drain 1 Current		1								22

		23		X Left Gate 2 Current		1								23

		24		X Left Drain 2 Current		1								24

		25		Ka Right Gate 1 Current		1								25

		26		Ka Right Drain 1 Current		1								26

		27		Ka Right Gate 2 Current		1								27

		28		Ka Right Drain 2 Current		1								28

		29		X Right Gate 1 Current		1								29

		30		X Right Drain 1 Current		1								30

		31		X Right Gate 2 Current		1								31

		32		X Right Drain 2 Current		1								32

		33		GND										33

		34		Serial ID								1		34		Silicon Serial Number for this module

		35		+5										35

		36		GND										36

		37		-15V										37

				Totals		32		0		0		1

		Digital Potentiometer Programming Interface

		Lna Bias Programming (BCON) - D9M												Pin		Description

		1		CS										1		to PIC pin RA0

		2		SCK										2		to PIC pin RA1

		3		SDIN										3		to PIC pin RA2

		4		SCK										4		to PIC pin RA1

		5		CS										5		to PIC pin RA0

		6		Gnd										6

		7		Gnd										7

		8		Gnd										8

		9		Gnd										9

		LNA Bias Outputs Interface

		D25F												Pin

		1		Ka Left Gate 1 Bias										1

		2		Ka Left Drain 1 Bias										2

		3		Ka Left Gate 2 Bias										3

		4		Ka Left Drain 2 Bias										4

		5		X Left Gate 1 Bias										5

		6		X Left Drain 1 Bias										6

		7		X Left Gate 2 Bias										7

		8		X Left Drain 2 Bias										8

		9		Ka Right Gate 1 Bias										9

		10		Ka Right Drain 1 Bias										10

		11		Ka Right Gate 2 Bias										11

		12		Ka Right Drain 2 Bias										12

		13		X Right Gate 1 Bias										13

		14		X Right Drain 1 Bias										14

		15		X Right Gate 2 Bias										15

		16		X Right Drain 2 Bias										16

		17		Ka Left Ground Sense										17		Ground sense connections should be made as close as possible to the LNA

		18		X Left Ground Sense										18

		19		Ka Right Ground Sense										19

		20		X Right Ground Sense										20

		21		GND										21

		22		GND										22

		23		GND										23

		24		GND										24

		25		GND										25



Notes:
- The voltage at a Gate Current monitor point (Vig) is related to the Gate Current (Ig) by:
Ig = Vig * 10uA/V

- The voltage at a Drain Current monitor point (Vid) is related to the Drain Current (Id) by:
Id = Vid * (3000 / 31.1)mA/V = Vid * 96.46 mA/V
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Sheet1

		LNA Bias Module Pinouts

		Monitor Points

		LNA Bias (LNB) - D37M				AM		DCM		DM		SN		Pin		Description

		1		Ka Left Gate 1 Voltage		1								1

		2		Ka Left Drain 1 Voltage		1								2

		3		Ka Left Gate 2 Voltage		1								3

		4		Ka Left Drain 2 Voltage		1								4

		5		X Left Gate 1 Voltage		1								5

		6		X Left Drain 1 Voltage		1								6

		7		X Left Gate 2 Voltage		1								7

		8		X Left Drain 2 Voltage		1								8

		9		Ka Right Gate 1 Voltage		1								9

		10		Ka Right Drain 1 Voltage		1								10

		11		Ka Right Gate 2 Voltage		1								11

		12		Ka Right Drain 2 Voltage		1								12

		13		X Right Gate 1 Voltage		1								13

		14		X Right Drain 1 Voltage		1								14

		15		X Right Gate 2 Voltage		1								15

		16		X Right Drain 2 Voltage		1								16

		17		Ka Left Gate 1 Current		1								17		See notes for voltage to current conversion formulas

		18		Ka Left Drain 1 Current		1								18

		19		Ka Left Gate 2 Current		1								19

		20		Ka Left Drain 2 Current		1								20

		21		X Left Gate 1 Current		1								21

		22		X Left Drain 1 Current		1								22

		23		X Left Gate 2 Current		1								23

		24		X Left Drain 2 Current		1								24

		25		Ka Right Gate 1 Current		1								25

		26		Ka Right Drain 1 Current		1								26

		27		Ka Right Gate 2 Current		1								27

		28		Ka Right Drain 2 Current		1								28

		29		X Right Gate 1 Current		1								29

		30		X Right Drain 1 Current		1								30

		31		X Right Gate 2 Current		1								31

		32		X Right Drain 2 Current		1								32

		33		GND										33

		34		Serial ID								1		34		Silicon Serial Number for this module

		35		+5										35

		36		GND										36

		37		-15V										37

				Totals		32		0		0		1

		Digital Potentiometer Programming Interface

		Lna Bias Programming (BCON) - D9M												Pin		Description

		1		CS										1		to PIC pin RA0

		2		SCK										2		to PIC pin RA1

		3		SDIN										3		to PIC pin RA2

		4		SCK										4		to PIC pin RA1

		5		CS										5		to PIC pin RA0

		6		Gnd										6

		7		Gnd										7

		8		Gnd										8

		9		Gnd										9

		LNA Bias Outputs Interface

		D25F												Pin		Description

		1		Ka Left Gate 1 Bias										1

		2		Ka Left Drain 1 Bias										2

		3		Ka Left Gate 2 Bias										3

		4		Ka Left Drain 2 Bias										4

		5		X Left Gate 1 Bias										5

		6		X Left Drain 1 Bias										6

		7		X Left Gate 2 Bias										7

		8		X Left Drain 2 Bias										8

		9		Ka Right Gate 1 Bias										9

		10		Ka Right Drain 1 Bias										10

		11		Ka Right Gate 2 Bias										11

		12		Ka Right Drain 2 Bias										12

		13		X Right Gate 1 Bias										13

		14		X Right Drain 1 Bias										14

		15		X Right Gate 2 Bias										15

		16		X Right Drain 2 Bias										16

		17		Ka Left Ground Sense										17		Ground sense connections should be made as close as possible to the LNA

		18		X Left Ground Sense										18

		19		Ka Right Ground Sense										19

		20		X Right Ground Sense										20

		21		GND										21

		22		GND										22

		23		GND										23

		24		GND										24

		25		GND										25



Notes:
- The voltage at a Gate Current monitor point (Vig) is related to the Gate Current (Ig) by:
Ig = Vig * 10uA/V

- The voltage at a Drain Current monitor point (Vid) is related to the Drain Current (Id) by:
Id = Vid * (3000 / 31.1)mA/V = Vid * 96.46 mA/V
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Sheet1

		LNA Bias Module Pinouts

		Monitor Points

		LNA Bias (LNB) - D37M				AM		DCM		DM		SN		Pin		Description

		1		Ka Left Gate 1 Voltage		1								1

		2		Ka Left Drain 1 Voltage		1								2

		3		Ka Left Gate 2 Voltage		1								3

		4		Ka Left Drain 2 Voltage		1								4

		5		X Left Gate 1 Voltage		1								5

		6		X Left Drain 1 Voltage		1								6

		7		X Left Gate 2 Voltage		1								7

		8		X Left Drain 2 Voltage		1								8

		9		Ka Right Gate 1 Voltage		1								9

		10		Ka Right Drain 1 Voltage		1								10

		11		Ka Right Gate 2 Voltage		1								11

		12		Ka Right Drain 2 Voltage		1								12

		13		X Right Gate 1 Voltage		1								13

		14		X Right Drain 1 Voltage		1								14

		15		X Right Gate 2 Voltage		1								15

		16		X Right Drain 2 Voltage		1								16

		17		Ka Left Gate 1 Current		1								17		See notes for voltage to current conversion formulas

		18		Ka Left Drain 1 Current		1								18

		19		Ka Left Gate 2 Current		1								19

		20		Ka Left Drain 2 Current		1								20

		21		X Left Gate 1 Current		1								21

		22		X Left Drain 1 Current		1								22

		23		X Left Gate 2 Current		1								23

		24		X Left Drain 2 Current		1								24

		25		Ka Right Gate 1 Current		1								25

		26		Ka Right Drain 1 Current		1								26

		27		Ka Right Gate 2 Current		1								27

		28		Ka Right Drain 2 Current		1								28

		29		X Right Gate 1 Current		1								29

		30		X Right Drain 1 Current		1								30

		31		X Right Gate 2 Current		1								31

		32		X Right Drain 2 Current		1								32

		33		GND										33

		34		Serial ID								1		34		Silicon Serial Number for this module

		35		+5										35

		36		GND										36

		37		-15V										37

				Totals		32		0		0		1

		Digital Potentiometer Programming Interface

		Lna Bias Programming (BCON) - D9M												Pin		Description

		1		CS										1		to PIC pin RA0

		2		SCK										2		to PIC pin RA1

		3		SDIN										3		to PIC pin RA2

		4		SCK										4		to PIC pin RA1

		5		CS										5		to PIC pin RA0

		6		Gnd										6

		7		Gnd										7

		8		Gnd										8

		9		Gnd										9

		LNA Bias Outputs Interface

		D25F												Pin

		1		Ka Left Gate 1 Bias										1

		2		Ka Left Drain 1 Bias										2

		3		Ka Left Gate 2 Bias										3

		4		Ka Left Drain 2 Bias										4

		5		X Left Gate 1 Bias										5

		6		X Left Drain 1 Bias										6

		7		X Left Gate 2 Bias										7

		8		X Left Drain 2 Bias										8

		9		Ka Right Gate 1 Bias										9

		10		Ka Right Drain 1 Bias										10

		11		Ka Right Gate 2 Bias										11

		12		Ka Right Drain 2 Bias										12

		13		X Right Gate 1 Bias										13

		14		X Right Drain 1 Bias										14

		15		X Right Gate 2 Bias										15

		16		X Right Drain 2 Bias										16

		17		Ka Left Ground Sense										17		Ground sense connections should be made as close as possible to the LNA

		18		X Left Ground Sense										18

		19		Ka Right Ground Sense										19

		20		X Right Ground Sense										20

		21		GND										21

		22		GND										22

		23		GND										23

		24		GND										24

		25		GND										25



Notes:
- The voltage at a Gate Current monitor point (Vig) is related to the Gate Current (Ig) by:
Ig = Vig * 10uA/V

- The voltage at a Drain Current monitor point (Vid) is related to the Drain Current (Id) by:
Id = Vid * (3000 / 31.1)mA/V = Vid * 96.46 mA/V
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