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AD8363

SPECIFICATIONS

Vros =5V, Ta = 25°C, Zo = 50 Q, single-ended input drive, VOUT connected to VSET, Vrer = 1.4 V, Crpr = 3.9 nE, Cupr = 2.7 nF error
referred to best-fit line (linear regression) from —20 dBm to —40 dBm, unless otherwise noted.

Table 1.
Parameter Conditions Min Typ Max Unit
OVERALL FUNCTION
Maximum Input Frequency 6 GHz
RF INPUT INTERFACE INHI (Pin 14), INLO (Pin 15), ac-coupled
Input Resistance Single-ended drive 50 Q
Common-Mode DC Voltage 2.6 \
100 MHz TCM1 (Pin 16) = 0.47 V, TCM2 (Pin 1) = 1.0V, INHI input
Output Voltage: High Power In | Pn=-10dBm 2.47 Y
Output Voltage: Low Power In | Pn=—-40 dBm 0.92 Y
+1.0 dB Dynamic Range CW input, Ta = 25°C
3-point calibration at 0 dBm, —10 dBm, and —40 dBm 64 dB
Best-fit (linear regression) at —20 dBm and —40 dBm 65 dB
Maximum Input Level, +1.0 dB 9 dBm
Minimum Input Level, £1.0 dB -56 dBm
Deviation vs. Temperature Deviation from output at 25°C
—40°C < Ta < +85°C; Pn=—-10dBm —0.2/+0.3 dB
—40°C < Ta < +85°C; Pn=—40 dBm —0.5/4+0.6 dB
Logarithmic Slope 51.7 mV/dB
Logarithmic Intercept -58 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 40 dB dynamic range <+0.1 dB
12 dB peak-to-rms ratio (WiMAX), over 40 dB dynamic range <+0.1 dB
14.0 dB peak-to-rms ratio (16C CDMA2K), over 40 dB dynamic <%0.1 dB
range
256 QAM, CF =8 dB, over 40 dB dynamic range <+0.1 dB
Input Impedance Single-ended drive 49 —j0.09 Q
900 MHz TCM1 (Pin 16) = 0.5V, TCM2 (Pin 1) = 1.2V, INHI input
Output Voltage: High Power In | Pn=—-15dBm 2.2 \Y
Output Voltage: Low Power In | Pn=—-40dBm 0.91 \
+1.0 dB Dynamic Range CW input, Ta = 25°C
3-point calibration at 0 dBm, —10 dBm, and —40 dBm 60 dB
Best-fit (linear regression) at —20 dBm and —40 dBm 54 dB
Maximum Input Level, +1.0 dB -2 dBm
Minimum Input Level, £1.0 dB -56 dBm
Deviation vs. Temperature Deviation from output at 25°C
—40°C < Ta < +85°C; Pn=—-15dBm +0.6/-0.4 dB
—40°C < Ta < +85°C; Pn=—40 dBm +0.8/-0.6 dB
Logarithmic Slope 51.8 mV/dB
Logarithmic Intercept -58 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 40 dB dynamic range <+0.1 dB
12 dB peak-to-rms ratio (WiMAX), over 40 dB dynamic range <+0.1 dB
14.0 dB peak-to-rms ratio (16C CDMA2K), over 40 dB dynamic <+0.1 dB
range
256 QAM, CF =8 dB, over 40 dB dynamic range <+0.1 dB
Input Impedance Single-ended drive 60 —j3.3 Q
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Parameter Conditions Min Typ Max Unit
1.9 GHz TCM1 (Pin 16) = 0.52V, TCM2 (Pin 1) = 0.51V, INHI input
Output Voltage: High Power In | Pn=-15dBm 2.10 Y
Output Voltage: Low Power In | Pn=—-40 dBm 0.8 Y
+1.0 dB Dynamic Range CW input, Ta = 25°C
3-point calibration at 0 dBm, —10 dBm, and —40 dBm 56 dB
Best-fit (linear regression) at —20 dBm and —40 dBm 48 dB
Maximum Input Level, +1.0 dB -6 dBm
Minimum Input Level, £1.0 dB -53 dBm
Deviation vs. Temperature Deviation from output at 25°C
—40°C < Ta < +85°C; Pn=—-15dBm +0.3/-0.5 dB
—40°C < Ta < +85°C; Pn=—40 dBm +0.4/-0.4 dB
Logarithmic Slope 52 mV/dB
Logarithmic Intercept -55 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 37 dB dynamic range +0.1 dB
12 dB peak-to-rms ratio (WiMAX), over 37 dB dynamic range +0.1 dB
14.0 dB peak-to-rms ratio (16C CDMA2K), over 37 dB dynamic +0.1 dB
range
256 QAM, CF = 8 dB, over 37 dB dynamic range +0.1 dB
Input Impedance Single-ended drive 118 -j26 Q
2.14 GHz TCM1 (Pin 16) =0.52V, TCM2 (Pin 1) = 0.6V, INHI input
Output Voltage: High Power In | Pn=—15dBm 2.0 Y
Output Voltage: Low Power In | Pn=—-40 dBm 0.71 Y
+1.0 dB Dynamic Range CW input, Ta = 25°C
3-point calibration at 0 dBm, —10 dBm and —40 dBm 55 dB
Best-fit (linear regression) at —20 dBm and —40 dBm 44 dB
Maximum Input Level, +1.0 dB -8 dBm
Minimum Input Level, £1.0 dB -52 dBm
Deviation vs. Temperature Deviation from output at 25°C
—40°C < Ta < +85°C; Pn=—-15dBm +0.1/-0.2 dB
—40°C < Ta < +85°C; PN =—40 dBm +0.3/-0.5 dB
Logarithmic Slope 52.2 mV/dB
Logarithmic Intercept -54 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 35 dB dynamic range +0.1 dB
12 dB peak-to-rms ratio (WiMAX), over 35 dB dynamic range +0.1 dB
14.0 dB peak-to-rms ratio (16C CDMA2K), over 35 dB dynamic +0.1 dB
range
256 QAM, CF = 8 dB, over 35 dB dynamic range +0.1 dB
Rise Time Transition from no input to 1 dB settling at RFiw=-10 dBm, 3 us
Cier = 390 pF, Chpr = Open
Fall Time Transition from —10 dBm to within 1 dB of final value (that is, 15 Us
no input level), Cier = 390 pF, Cher = Open
Input Impedance Single-ended drive 130 - j49 Q
2.6 GHz TCM1 (Pin 16) = 0.54V, TCM2 (Pin 1) = 1.1V, INHI input
Output Voltage: High Power In | Pw=-15dBm 1.84 \
Output Voltage: Low Power In | Pn=—-40 dBm 0.50 Y
+1.0 dB Dynamic Range CWinput, Ta=25°C
3-point calibration at 0 dBm, —10 dBm and —40 dBm 50 dB
Best-fit (linear regression) at —20 dBm and —40 dBm 41 dB
Maximum Input Level, +1.0 dB -7 dBm
Minimum Input Level, 1.0 dB —48 dBm
Deviation vs. Temperature Deviation from output at 25°C
—40°C < Ta < +85°C; Pn=—-15dBm +0.5/-0.2 dB
—40°C < Ta < +85°C; Pn=—40 dBm +0.6/-0.2 dB
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Parameter Conditions Min Typ Max Unit
Logarithmic Slope 52.9 mV/dB
Logarithmic Intercept —49 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 32 dB dynamic range +0.1 dB

12 dB peak-to-rms ratio (WiMAX), over 32 dB dynamic range +0.1 dB

14.0 dB peak-to-rms ratio (16C CDMA2K), over 32 dB dynamic +0.1 dB

range

256 QAM, CF = 8 dB, over 32 dB dynamic range +0.1 dB
Input Impedance Single-ended drive 95— j65 Q

3.8GHz TCM1 (Pin 16) = 0.56 V, TCM2 (Pin 1) = 1.0V, INLO input

Output Voltage: High Power In | Pn=-20 dBm 1.54 Y
Output Voltage: Low Power In | Pin=—-40dBm 0.54 \
+1.0 dB Dynamic Range CW input, Ta = 25°C

3-point calibration at 0 dBm, —10 dBm and —40 dBm 50 dB

Best-fit (linear regression) at —20 dBm and —40 dBm 43 dB
Maximum Input Level, +1.0 dB -5 dBm
Minimum Input Level, £1.0 dB —48 dBm
Deviation vs. Temperature Deviation from output at 25°C

—40°C < Ta < +85°C; Pn=—-20 dBm +0.1/-0.7 dB

—40°C < Ta < +85°C; Pn=—40 dBm +0.4/-0.5 dB
Logarithmic Slope 50.0 mV/dB
Logarithmic Intercept =51 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 32 dB dynamic range +0.1 dB

12 dB peak-to-rms ratio (WiMAX), over 32 dB dynamic range +0.1 dB

14.0 dB peak-to-rms ratio (16C CDMA2K), over 32 dB dynamic +0.1 dB

range

256 QAM, CF = 8 dB, over 32 dB dynamic range +0.1 dB
Input Impedance Single-ended drive 42 —j4.5 Q

5.8 GHz TCM1 (Pin 16) = 0.88 V, TCM2 (Pin 1) = 1.0V, INLO input
Output Voltage: High Power In Pn=-20dBm 1.38 Y
Output Voltage: Low Power In Pn =—-40dBm 0.36 \
+1.0 dB Dynamic Range CW input, Ta = 25°C

3-point calibration at 0 dBm, =10 dBm and —40 dBm 50 dB

Best-fit (linear regression) at —20 dBm and —40 dBm 45 dB
Maximum Input Level, +1.0 dB -3 dBm
Minimum Input Level, £1.0 dB —48 dBm
Deviation vs. Temperature Deviation from output at 25°C

—40°C < Ta < +85°C; Pn=—-20 dBm +0.1/-0.6 dB

—40°C < Ta < +85°C; Pn=—40 dBm +0.3/-0.8 dB
Logarithmic Slope 51.1 mV/dB
Logarithmic Intercept —47 dBm
Deviation from CW Response 13 dB peak-to-rms ratio (W-CDMA), over 32 dB dynamic range +0.1 dB

12 dB peak-to-rms ratio (WiMAX), over 32 dB dynamic range +0.1 dB

14.0 dB peak-to-rms ratio (16C CDMA2K), over 32 dB dynamic +0.1 dB

range

256 QAM, CF = 8 dB, over 32 dB dynamic range +0.1 dB

Input Impedance Single-ended drive 28+j1.6 Q

OUTPUT INTERFACE VOUT (Pin 6)

Output Swing, Controller Mode | Swing range minimum, R. > 500 Q to ground 0.03 \Y
Swing range maximum, R. = 500 Q to ground 4.8 \

Current Source/Sink Capability | Output held at Vros/2 10/10 mA

Voltage Regulation lLoap = 8 mA, source/sink —-0.2/40.1 %

Rise Time Transition from no input to 1 dB settling at RFin=-10 dBm, 3 us
Cier = 390 pF, Cher = Open
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Parameter Conditions Min Typ Max Unit
Fall Time Transition from —10 dBm to within 1 dB of final value (that is, 15 Us
no input level), Cier = 390 pF, Cher = Open
Noise Spectral Density Measured at 100 kHz 45 nV/VHz
SETPOINT INPUT VSET (Pin 7)
Voltage Range Log conformance error < 1 dB, minimum 2.14 GHz 2.0 Y
Log conformance error < 1 dB, maximum 2.14 GHz 0.7 \Y
Input Resistance 72 kQ
Logarithmic Scale Factor f=2.14 GHz, —40°C < Ta < +85°C 19.2 dB/V
Logarithmic Intercept f=2.14 GHz, —-40°C < Ta < +85°C, referred to 50 Q —54 dBm
TEMPERATURE COMPENSATION TCM1 (Pin 16), TCM2 (Pin 1)
Input Voltage Range 0 2.5 Y
Input Bias Current, TCM1 Vi =0V -140 HA
Ve =0.5V 80 pHA
Input Resistance, TCM1 Ve > 0.7V 5 kQ
Input Current, TCM2 Vieme =5V 2 HA
Viema =4.5V 750 HA
Viema =1V -2 HA
Vieme =0V -3 HA
Input Resistance, TCM2 0.7V<Viema<4.0V 500 kQ
VOLTAGE REFERENCE VREF (Pin 11)
Output Voltage RFin=—55 dBm 2.3 Y
Temperature Sensitivity 25°C<Ta<70°C 0.04 mV/°C
70°C <Ta<125°C —0.06 mV/°C
—-40°C < Ta<+25°C -0.18 mV/°C
Current Source/Sink Capability | 25°C <Ta < 125°C 4/0.05 mA
—40°C < Ta< +25°C 3/0.05 mA
Voltage Regulation Ta=25°C, lloao=3 mA -0.6 %
TEMPERATURE REFERENCE TEMP (Pin 8)
Output Voltage Ta=25°C,RL.=10kQ 1.4 \Y
Temperature Coefficient —40°C < Ta< +125°C,RL = 10 kQ 5 mV/°C
Current Source/Sink Capability | 25°C <Ta < 125°C 4/0.05 mA
—-40°C<Ta< +25°C 3/0.05 mA
Voltage Regulation Ta=25°C, loao =3 mA -0.1 %
RMS TARGET INTERFACE VTGT (Pin 12)
Input Voltage Range 1.4 2.5 \
Input Bias Current Vier=14V 14 pA
Input Resistance 100 kQ
POWER-DOWN INTERFACE TCM2 (PinT)
Logic Level to Enable VPWDN decreasing 4.2 \
Logic Level to Disable VPWDN increasing 4.7 \
Input Current Viema =5V 2 HA
Vieme=4.5V 750 HA
Vieme =1V -2 HA
Vremz =0V -3 HA
Enable Time TCM2 low to Vour at 1 dB of final value, Cier = 470 pF, 35 Us
Chpr = 220 pF, RFin =0 dBm
Disable Time TCM2 high to Vour at 1 dB of final value, Cier = 470 pF, 25 Us
Chpr = 220 pF, RFin =0 dBm
POWER SUPPLY INTERFACE VPOS (Pin 3, Pin 10)
Supply Voltage 45 5 55 \"
Quiescent Current Ta=25°C, RFin = =55 dBm 60 mA
Ta=85°C 72 mA
Power-Down Current Vremz > Veos — 0.3V 300 HA
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ABSOLUTE MAXIMUM RATINGS

Table 2.

Parameter Rating

Supply Voltage, VPOS 55V

Input Average RF Power' 21 dBm
Equivalent Voltage, Sine Wave Input 251V rms

Internal Power Dissipation 450 mW

0,2 10.6°C/W

0182 35.3°C/W

0)a2 57.2°C/W

W2 1.0°C/W

We? 34°C/W

Maximum Junction Temperature 150°C

Operating Temperature Range —40°C to +125°C

Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 60 sec) 300°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.

' This is for long durations. Excursions above this level, with durations much

less than 1 second, are possible without damage.

2 No airflow with the exposed pad soldered to a 4-layer JEDEC board.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!ﬁ I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

-

=9 =z
ez z?8
o n < ™
- - - -

TCM2/PWDN 1 12 VTGT
CHPF 2 ADS363 11 VREF
VPOS 3 TOP VIEW 10 VPOS
COMM 4 9 COMM

CLPF 5
VOUT 6
VSET 7
TEMP 8

NOTES

1. NC = NO CONNECT. DO NOT CONNECT TO THIS PIN.

2. THE EXPOSED PAD IS THE SYSTEM COMMON
CONNECTION AND IT MUST HAVE BOTH A GOOD
THERMAL AND GOOD ELECTRICAL CONNECTION
TO GROUND.

07368-002

Figure 2. Pin Configuration

Table 3. Pin Function Descriptions

Pin Equivalent
No. Mnemonic Description Circuit
1 TCM2/PWDN | This is a dual function pin used for controlling the amount of nonlinear intercept temperature See Figure 39
compensation at voltages <2.5 V and/or for shutting down the device at voltages >4 V. If the
shutdown function is not used, this pin can be connected to the VREF pin through a voltage
divider.
2 CHPF Connect this pin to VPOS via a capacitor to determine the —3 dB point of the input signal high- See Figure 48
pass filter. Only add a capacitor when operating at frequencies below 10 MHz.
3,10 VPOS Supply for the Device. Connect these pins to a 5V power supply. Pin 3 and Pin 10 are not internally | Not
connected; therefore, both must connect to the source. applicable
4,9 COMM System Common Connection. Connect these pins via low impedance to system common. Not
applicable
5 CLPF Connection for Loop Filter Integration (Averaging) Capacitor. Connect a ground-referenced See Figure 41
capacitor to this pin. A resistor can be connected in series with this capacitor to improve loop
stability and response time. Minimum Cier value is 390 pF.
6 VOUT Output Pin in Measurement Mode (Error Amplifier Output). In measurement mode, this pin is See Figure 41
connected to VSET. This pin can be used to drive a gain control when the device is used in
controller mode.
7 VSET The voltage applied to this pin sets the decibel value of the required RF input voltage that results See Figure 40
in zero current flow in the loop integrating capacitor pin, CLPF. This pin controls the variable gain
amplifier (VGA) gain such that a 50 mV change in VSET reduces the gain by approximately 1 dB.
8 TEMP Temperature Sensor Output. See Figure 35
11 VREF General-Purpose Reference Voltage Output of 2.3 V. See Figure 36
12 VTGT The voltage applied to this pin determines the target power at the input of the RF squaring circuit. The See Figure 42
intercept voltage is proportional to the voltage applied to this pin. The use of a lower target
voltage increases the crest factor capacity; however, this may affect the system loop response.
13 NC No Connect. Not
applicable
14 INHI This is the RF input pin for frequencies up to and including 2.6 GHz. The RF input signal is normally | See Figure 34
ac-coupled to this pin through a coupling capacitor.
15 INLO This is the RF input pin for frequencies above 2.6 GHz. The RF input signal is normally ac-coupled See Figure 34
to this pin through a coupling capacitor.
16 TCM1 This pin is used to adjust the intercept temperature compensation. Connect this pin to VREF See Figure 38
through a voltage divider or to an external dc source.
EPAD Exposed Pad. The exposed pad is the system common connection and it must have both a good Not
thermal and good electrical connection to ground. applicable
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AD8363

TYPICAL PERFORMANCE CHARACTERISTICS

Vros =5V, Zo = 50 Q, single-ended input drive, VOUT connected to VSET, Vicr = 1.4 V, Ciee = 3.9 nF, Curr = 2.7 nE, Ta = +25°C (black),
—40°C (blue), +85°C (red), where appropriate. Error calculated using 3-point calibration at 0 dBm, —10 dBm, and —40 dBm, unless
otherwise indicated. Input RF signal is a sine wave (CW), unless otherwise indicated.
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Figure 3. Vour and Log Conformance vs. Input Power and Figure 6. Distribution of Vour and Error with Respect to 25°C Ideal Line over
Temperature at 100 MHz Temperature vs. Input Amplitude at 100 MHz, CW
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Figure 4. Vour and Log Conformance Error with Respect to 25°C Ideal Line Figure 7. Distribution of Vour and Error with Respect to 25°C Ideal Line over
over Temperature vs. Input Amplitude at 900 MHz, CW, Typical Device Temperature vs. Input Amplitude at 900 MHz, CW
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Figure 5. Vour and Log Conformance Error with Respect to 25°C Ideal Line Figure 8. Distribution of Vour and Error with Respect to 25°C Ideal Line over
over Temperature vs. Input Amplitude at 1.90 GHz, CW, Typical Device Temperature vs. Input Amplitude at 1.90 GHz, CW
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Figure 9. Vour and Log Conformance Error with Respect to 25°C Ideal Line Figure 12. Distribution of Vour and Error with Respect to 25°C Ideal Line over
over Temperature vs. Input Amplitude at 2.14 GHz, CW, Typical Device Temperature vs. Input Amplitude at 2.14 GHz, CW
3.00 \ 6 3.00
2.75 \ 5 2.75
2.50 4 2.50
2.25 \\ // 3 2.25
2.00 2 2.00
\ /1 M 5 5
< 175 \ ~ 7 13 < 175 2
£ 1.50 =AY 0 g £ 150 x
= 125 /N A\ A 18 =125 18
' , // \V W i : i
1.00 -2 1.00 -2
0.75 v // -3 0.75 -3
0.50 X -4 0.50 -4
0.25 %' -5 0.25 5
0 -6 o o -6 o
—60 50  —40 -30 -20 -10 0 10 3 —60 50 —40 -30 -20 -10 0 10 3
Pin (dBm) g Pin (dBm) 5
Figure 10. Vour and Log Conformance Error with Respect to 25°C Ideal Line Figure 13. Distribution of Vour and Error with Respect to 25°C Ideal Line over
over Temperature vs. Input Amplitude at 2.6 GHz, CW, Typical Device Temperature vs. Input Amplitude at 2.6 GHz, CW
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Figure 11. Vour and Log Conformance Error with Respect to 25°C Ideal Line Figure 14. Distribution of Vour and Error with Respect to 25°C Ideal Line over
over Temperature vs. Input Amplitude at 3.8 GHz, CW, Typical Device Temperature vs. Input Amplitude at 3.8 GHz, CW
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Figure 15. Vour and Log Conformance Error with Respect to 25 C Ideal Line Figure 18. Distribution of Vour and Error with Respect to 25 C Ideal Line
over Temperature vs. Input Amplitude at 5.8 GHz, Typical Device over Temperature vs. Input Amplitude at 5.8 GHz, CW
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Figure 16. Error from CW Linear Reference vs. Input Amplitude with
Modulation, Frequency at 2.14 GHz, Cier = 0.1 F, INHI Input
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Figure 17. Single-Ended Input Impedance (S11) vs.
Frequency; Zo=50 ,INHIorINLO
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Figure 19. Error from CW Linear Reference vs. Input Amplitude with
Modulation, Frequency at 2.6 GHz, Cer = 0.1 F, INHI Input
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Figure 20. Typical Noise Spectral Density of Vour; All Crer Values
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Figure 21. Output Response to RF Burst Input, Carrier Frequency at 2.14 GHz, Figure 24. Output Response to RF Burst Input, Carrier Frequency at 2.14 GHz,
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By forcing the previous identity through varying the VGA setpoint,
it is apparent that

RMS(Vsic) = V(Mean(Vsic?)) = V(Vate?) = Vate (5)
Substituting the value of Vsic from Equation 2 results in
RMS(Go % RFin exp(=Vser/Vens)) = Vate (6)

When connected as a measurement device, Vser = Vour. Solving
for Vour as a function of RFi

Vour = Vsiose X 10g1(RMS(RFin)/Vz) ()

where:
Vsiore is 1 V/decade (or 50 mV/dB).
Vz is the intercept voltage.

When RMS(RFn) = Vz, because log(1) = 0, this implies that
Vour =0V, making the intercept the input that forces Vour =0 V.
Vz has been fixed to approximately 280 uV (approximately
—58 dBm, referred to 50 Q) with a CW signal at 100 MHz.

In reality, the AD8363 does not respond to signals less than
~=56 dBm. This means that the intercept is an extrapolated
value outside the operating range of the device.

If desired, the effective value of Vs.ore can be altered by using
a resistor divider between VOUT and VSET. (Refer to the
Output Voltage Scaling section for more information.)

In most applications, the AGC loop is closed through the
setpoint interface and the VSET pin. In measurement mode,
VOUT is directly connected to VSET. (See the Measurement
Mode Basic Connections section for more information.) In
controller mode, a control voltage is applied to VSET and the
VOUT pin typically drives the control input of an amplification
or attenuation system. In this case, the voltage at the VSET pin
forces a signal amplitude at the RF inputs of the AD8363 that
balances the system through feedback. (See the Controller
Mode Basic Connections section for more information.)

RF INPUT INTERFACE

Figure 34 shows the connections of the RF inputs within

the AD8363. The input impedance is set primarily by an internal
50 Q resistor connected between INHI and INLO. A dc level of
approximately half the supply voltage on each pin is established
internally. Either the INHI pin or the INLO pin can be used as
the single-ended RF input pin. (See the Choice of RF Input Pin
section.) If the dc levels at these pins are disturbed, performance
is compromised; therefore, signal coupling capacitors must be
connected from the input signal to INHI and INLO. The input
signal high-pass corner formed by the coupling capacitors and
the internal resistances is

fricr-pass = 1/(2 X 1 x 50 x C) (8)
where C is in farads and frich-rass is in hertz. The input coupling
capacitors must be large enough in value to pass the input signal

frequency of interest. The other input pin should be RF ac-coupled
to common (ground).

VPOS VBIAS
O)
W/
ESD ESD
A 2.5kQ 2.5kQ x
INHIO 50Q —OINLO

WA

A ESD ESD ESD ESD ESD ESD ESD
bl bl bl bl bl bl

L] L] L] L] Ll L]
ESD ESD ESD ESD ESD ESD
ld ld ld ld id ld
Ll Ll T Ll T Ll

A ESD A ESD

07368-039

Figure 34. RF Inputs Simplified Schematic

Extensive ESD protection is employed on the RF inputs, which
limits the maximum possible input amplitude to the AD8363.

CHOICE OF RF INPUT PIN

The dynamic range of the AD8363 can be optimized by choosing
the correct RF input pin for the intended frequency of operation.
Using INHI (Pin 14), users can obtain the best dynamic range at
frequencies up to 2.6 GHz. Above 2.6 GHz, it is recommended
that INLO (Pin 15) be used. At 2.6 GHz, the performance obtained
at the two inputs is approximately equal.

The AD8363 was designed with a single-ended RF drive in
mind. A balun can be used to drive INHI and INLO differentially,
but it is not necessary, and it does not result in improved
dynamic range.

SMALL SIGNAL LOOP RESPONSE

The AD8363 uses a VGA in a loop to force a squared RF signal

to be equal to a squared dc voltage. This nonlinear loop can be

simplified and solved for a small signal loop response. The low-
pass corner pole is given by

Freqee = 1.83 X l1a1/(Crer) 9)

where:

IteT is in amperes.
Creris in farads.
Freqve is in hertz.

Ier is derived from Vrer; however, Iter is a squared value of
Vet multiplied by a transresistance, namely

Iter = gm X V1o (10)

gm is approximately 18.9 ps, so with Vet equal to the typically
recommended 1.4V, lrer is approximately 37 pA. The value of
this current varies with temperature; therefore, the small signal
pole varies with temperature. However, because the RF squaring
circuit and dc squaring circuit track with temperature, there is no
temperature variation contribution to the absolute value of Vour.

For CW signals,
Freque = 67.7 x 107%/(Cver) (11)

However, signals with large crest factors include low
pseudorandom frequency content that either needs to be
filtered out or sampled and averaged out. See the Choosing a
Value for CLPF section for more information.
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AD8363

time. The speed at which Vser slews can create a time varying offset
that falls within the high-pass corner set by Crer. Therefore, in
measurement mode, take care to set Crer appropriately to reduce
the slew. It is also worth noting that most of the typical
performance data was derived with Crer = 3.9 nF and Crer = 2.7 nF
and with a CW waveform.

The minimum appropriate Crer based on slew rate limitations is
as follows

Crer > 20 x 107/ FREQrrin (18)

where:
Crpr is in farads.
FREQggn is in hertz.

This takes into account the on-chip 25 pF capacitor, Cs, in
parallel with Crer. However, because there are other internal
device time delays that affect loop stability, use a minimum Cier
of 390 pE.

The minimum appropriate Cuer for a given high-pass pole
frequency is

Cupr = 29.2 x 10°°/FHPporz — 25 pF (19)
where FHProvt is in hertz.

The subtraction of 25 pF is a result of the on-chip 25 pF
capacitor in parallel with the external Cuer. Typically, choose
Curr to give a pole (3 dB corner) at least 1 decade below the
desired signal frequency. Note that the high pass corner of the
offset compensation system is approximately 1 MHz without an
external Curs; therefore, adding an external capacitor lowers the
corner frequency.

The following example illustrates the proper selection of the input
coupling capacitors, minimum Crer, and maximum Crurr when
using the AD8363 in measurement mode for a 1 GHz input signal.

1. Choose the input coupling capacitors that have a 3 dB
corner at least one decade below the input signal frequency.
From Equation 8, C > 10/(2 x m x RFi x 50) = 32 pF
minimum. According to this calculation, 32 pF is sufficient;
however, the input coupling capacitors should be a much
larger value, typically 0.1 pF. The offset compensation
circuit, which is connected to CHPE, should be the true
determinant of the system high-pass corner frequency and
not the input coupling capacitors. With 0.1 pF coupling
capacitors, signals as low as 32 kHz can couple to the input,
which is well below the system high-pass frequency.

2. Choose Crer to reduce instabilities due to VSET slew rate.
See Equation 18, where FRQrev = 1 GHz, and this results in
Cuee > 20 pE However, as previously mentioned, values
below 390 pF are not recommended. For this reason, a 470 pF
capacitor was chosen. In addition, if fast response times are
not required, an even larger Crer value than given here
should be chosen.

3. Choose Crrr to seta 3 dB corner to the offset compensation
system. See Equation 19, where FHPrors is in this case
100 MHz, one decade below the desired signal. This results
in a negative number and, obviously, a negative value is not
practical. Because the high-pass corner frequency is already
1 MHz, this result simply illustrates that the appropriate
solution is to use no external Cupr capacitor.

Note that per Equation 9
Freqip = 1.83 x Irc1/(Crpr)

A Curr of 470 pF results in a small signal low-pass corner
frequency of approximately 144 kHz. This reflects the bandwidth
of the measurement system, and how fast the user can expect
changes on the output. It does not imply any limitations on the
input RF carrier frequency.

VPOS O
25pF_T_
(INTERNAL) IpF == ==1pF
11003 3110Q CHPE
VGA
gml
RFIN gm> QmZ
A=1 Vx : 3

A" ¢

x X 3

40d> @ RE S

Figure 48. Offset Compensation Circuit

CHOOSING A VALUE FOR Cyp¢

The Small Signal Loop Response section and the Offset
Compensation, Minimum CLPF, and Maximum CHPF
Capacitance Values section discussed how to choose the
minimum value capacitance for Crpr based on a minimum
capacitance of 390 pF, slew rate limitation, and frequency of
operation. Using the minimum value for Crer allows the quickest
response time for pulsed type waveforms (such as WiMAX) but
also allows the most residual ripple on the output caused by the
pseudorandom modulation waveform. There is not a maximum
for the capacitance that can be applied to the CLPF pin, and in
most situations, a large enough capacitor can be added to remove
the residual ripple caused by the modulation and yet allow a fast
enough response to changes in input power.

Figure 49 shows how residual ripple, rise time, and fall time
vary with filter capacitance when the AD8363 is driven by a
single carrier CDMA2000 9CH SRI1 signal at 2.14 GHz. The rise
time and fall time is based on a signal that is pulsed between no
signal and 10 dBm but is faster if the input power change is less.
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400 // 2800 Figure 50 shows how the rise time cuts off the preamble. Note
350 / 2450 that the power in the preamble can be easily measured; however,
T REInuAL :S;PLE mv) V the Cuer value would have to be reduced slightly, and the noise in
& 30T —FALL TIME (us) // 2100 the main signal would increase.
>
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Figure 49. Residual Ripple, Rise Time, and Fall Time vs. C.er Capacitance,
Single Carrier CDMA2000 9CH SR1 Signal at 2.14 GHz with 10 dBm Pulse
Table 5 shows the recommended values of Cyer for popular 500mv 11-8%305/ A CH1.f 600mV g
.00% 5

modulation schemes. For nonpulsed waveforms, increase Crpr until
the residual output noise falls below 50 mV (+0.5 dB). In each case,
the capacitor can be increased to further reduce the noise. A 10% to

Figure 50. AD8363 Output Response to a WiMAX 802.16, 64 QAM, 256
Subcarriers, 10 MHz Bandwidth Signal with Cipr = 0.027 uF
As shown in Figure 49, the fall time for the AD8363 increases

90% step response to an input step is also listed. Where the
faster than the rise time with an increase in Crer capacitance.

increased response time is unacceptably high, reduce Cipr, which ; - )
increases the noise on the output. Due to the random nature of the Some pulse-type modulation standards require a fast fall time as
output ripple, if it is sampled by an ADC, averaging in the digital

domain further reduces the residual noise.

well as a fast rise time, and in all cases, less output ripple is desired.
Placing an RC filter on the output reduces the ripple, according
to the frequency content of the ripple and the poles and zeros of
the filter. Using an RC output filter also changes the rise and fall
time vs. the output ripple response as compared to increasing
the Crer capacitance.

Table 5 gives Crer values to minimize noise while trying to keep
a reasonable response time. For non-pulsed type waveforms,
averaging is not required on the output. For pulsed waveforms,
the smaller the noise, the less averaging is needed on the output.

System specifications determine the necessary rise time and fall
time. For example, the suggested Cier value for WIMAX assumes
that it is not necessary to measure the power in the preamble.

Table 5. Recommended Crer Values for Various Modulation Schemes

Residual Ripple | Response Time (Rise/Fall)

Modulation/Standard Crest Factor (dB) | Cipr (mV p-p) 10% to 90%

W-CDMA, 1Carrier, TM1-64 12 0.1 pF 15 236 pus/2.9 ms

W-CDMA, 1Carrier, TM1-64 (EVDO) 12 3900 pF | 150 8.5 us/100 ps

W-CDMA 4Carrier, TM1-64 11 0.1 uF 8 240 ps/2.99 ms
CDMA2000, 1Carrier, 9CH 9.1 0.1 yF 10 210 ps/3.1 ms
CDMA2000, 3Carrier, 9CH 1 0.1 pF 13 215 ps/3.14 ms

WiIiMAX 802.16, 64 QAM, 256 Subcarriers, 10 MHz Bandwidth 14 0.027 yF | 10 83 us/1.35ms

6C TD-SCDMA 14 0.01 pF 69 24 us/207 ps
1CTD-SCDMA 1.4 0.01 pF 75 24 us /198 ps
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EVALUATION AND CHARACTERIZATION CIRCUIT
BOARD LAYOUTS

Figure 57 to Figure 61 show the evaluation board for the AD8363.
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Figure 57. Evaluation Board Schematic
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Table 6. Evaluation Board Configuration Options

Component | Function/Notes Default Value

Ce, C10, Input. The AD8363 is single-ended driven. At frequencies <2.6 GHz, the best dynamic range is achieved by | C6 = open,

c11,C12 driving Pin 14 (INHI). When driving INHI, populate C10 and C12 with an appropriate capacitor value forthe | C10=0.1 yF,
frequency of operation and leave C6 and C11 open. For frequencies >2.6 GHz, additional dynamic range C11 =open
can be achieved by driving Pin 15 (INLO). When driving INLO, populate C6 and C11 with an appropriate C12=0.1 yF
capacitor value for the frequency of operation and leave C10 and C12 open.

R7,R8, R10, VTGT. R10 and R11 are set up to provide 1.4V to VTGT from VREF. If R10 and R11 are removed, an external R7=0Q,

R11 voltage can be used. Alternatively, R7 and R11 can be used to form a voltage divider for an external R8=0Q,
reference. R10=845Q,

R11=14kQ

C4,C5,C7, Power Supply Decoupling. The nominal supply decoupling consists of a 100 pF filter capacitor placed C4 =100 pF,

C13,R14,R16 | physically close to the AD8363, a 0 Q) series resistor, and a 0.1 uF capacitor placed close to the power C5 =100 pF,
supply input pin. The 0 Q resistor can be replaced with a larger resistor to add more filtering; however, itis | C7 =0.1yF,
at the expense of a voltage drop. C13=0.1pF,

R14=0Q,
R16=0Q

R1, R2, R6, Output Interface (Default Configuration) in Measurement Mode. In this mode, a portion of the output R1=0Q,

R13,R15 voltage is fed back to the VSET pin via R6. Using the voltage divider created by R2 and R6, the magnitude R2 = open,
of the slope at VOUT is increased by reducing the portion of VOUT that is fed back to VSET. If a fast R6=0Q,
responding output is expected, the 0 Q resistor (R15) can be removed to reduce parasitics on the output. R13 = open,

R15=0Q
Output Interface in Controller Mode. In this mode, R6 must be open and R13 must have a 0 Q resistor. In
controller mode, the AD8363 can control the gain of an external component. A setpoint voltage is applied
to the VSET pin, the value of which corresponds to the desired RF input signal level applied to the AD8363.
If a fast responding output is expected, the 0 Q resistor (R15) can be removed to reduce parasitics on the output.

8, C9,R5 Low-Pass Filter Capacitors, Cier. The low-pass filter capacitors reduce the noise on the output and affect the | C8 = open,
pulse response time of the AD8363. This capacitor should be as large as possible. The smallest Cier capacitance | C9=0.1 uF,
should be 390 pF. R5, when set to a value other than 0 Q, is used in conjunction with C8 and C9 to modify R5=0Q
the loop transfer function and change the loop dynamics in controller mode.

c Cher Capacitor. The Crpr capacitor introduces a high-pass filter affect into the AD8363 transfer function and | C3 =open
can also affect the response time. The Cupr capacitor should be as small as possible and connect to VPOS
when used. No capacitor is needed for input frequencies greater than 10 MHz.

R9, R12 TCM2/PWDN. The TCM2/PWDN pin controls the amount of nonlinear intercept temperature compensation R9 = open,
and/or shuts down the device. The evaluation board is configured to control this from a test loop, but VREF | R12 = open
can also be used by the voltage divider created by R9 and R12.

R17,R18 TCM1.TCM1 controls the temperature compensation (5 kQ impedance). The evaluation board is configured to R17 = open,
control this from a test loop, but VREF can also be used by the voltage divider created by R17 and R18. Due | R18 = open
to the relatively low impedance of the TCM1 pin and the limited current of the VREF pin, care should be
taken when choosing the R17 and R18 values.

Paddle Connect the paddle to both a thermal and electrical ground.
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