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FEATURES FUNCTIONAL BLOCK DGRAM
Wide bandwidth: 1 MHz to 8 GHz vest EBL i vPso

High accuracy: 1.0 dB over 55 dB range (f < 5.8 GHz) e — et -
Stability over temperature: +0.5 dB

| BiAS H SLOPE | 4 VSET
Low noise measurement/controller output (VOUT) *
Pulseresponse time: 10 ns/12 ns (fall/rise) 2 ®d b vout
Integrated temperature sensor DET DET DET| |DET u .
Small footprint LFCSP INHI 2 i
Power-down feature: <1.5 mW at 5V INLO > 1
Single-supply operation: 5V at 68 mA O O
Fabricated using high speed SiGe process cMmIP cmop

APPLICATIONS

RF transmitter PA setpoint control and level monitoring
RSSI measurement in base stations, WLAN, WiMAX, and
radars

GENERAL DESCRIPTION

The AD8318 is a demodulating logarithmic amplifier, capable a decreasing linean-dB function of the RF input signal
of accurately converting an RF input signal to a corresponding amplitude.

decibelscaled output voltage. It employs the progressive
compression technique over a cascaded amplifier chain, each
stage of which is equipped with a detector cell. The device is
used in measurement or controller mode. The AD8318 maintains
accurate log conformance for signals of 1 MHz @Hz and
provides useful operation to@Hz. The input range is typically

TEMP

TEMP SENSOR
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The logarithmic slope is nominaly25 mV/dB but can be
adjusted by scaling the feedback volfagm VOUT to the
VSETinterface. The intercept is 20 dBm (referenced to 50 ,
CW input) using the INHIlinput. These parameters are very
stable against supply and temperature variations.

60 dB (réerenced t&0 ) with error less than +1B. The The AD8318 is fabricated on a SiGe bipolar IC process and is
AD8318 has a 10 ns response time that enables RF burst availate in a 4 mm x 4 mm, 1&ad LFCSP for the operating
detection to beyond 45 MHz. The device provides unprecedented ~ €mperature range o4&"C to +83C.
logarithmic intercept stability vs. ambient temperature conditions. 24 I 6
A 2 mV/°C slope temperature senutput is also provided for 22 ] | 5
additional system monitoring. A single supply & B required. 20 N I
Current consumption is typically 68 mA. Power consumption e °
decreases to <1.5 mW when the device is disabled. - 2

] ) S 1.4 \ / 1 g
The AD8318 can be configured to provide a control voltage 5 12 ~— -
to a VGA, such as a power amplifier or a measurement output, > 10 / -1 E
from PinVOUT. Because the output can be used for controller 08 g -2
applications, wideband noise is minimal. 0.6 / -3
In this mode, the setpoint control voltage is applied to VSET Z: / :
The feedback loop thugh an RF amplifier is closed via VOUT o "
the output of which regulates the amplifier output to a magnitude —65-60 -55-50 4540 -35-30 25 -20-15-10 -5 0 5 10 3
corresponding to VSET. The AD8318 provides 0 V t&/4.9 Pin (dBm) g
output capability at th& OUT pin, suitable for controller Figure2. Typical Logarithmic Response and Error vs. Input Amplitudétée 5.8
applications. As a measurement ideyPin VOUT is externally
connected to VSE®D produce an output voltage oy, which is
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AD831

SPECIFICATIONS

Veos= 5V, Gpe= 220 pF, T= 25T, 52.3 termination resistor at INHI, unless otherwise noted.

Tablel.
Parameter Conditions Min Typ Max | Unit
SIGNAL INPUT INTERFACE INHI (Pin 14) and INLO (Pin 15)
Specified Frequency Range 0.001 8 GHz
DC CommonMode Voltage Vpos—1.8 \Y,
MEASUREMENT MODE VOUT(Pin 6)shorted toVSETPIn 7), sinusoidal
input signal
f =900 MHz Rraps= 500
Input Impedance 957||0.71 |IpF
+3 dB Dynamic Range T,=25°C 65 dB
+1 dB Dynamic Range T,=25°C 57 dB
40°C < T,< +85°C 48 dB
Maximum Input Level +1 dB error 1 dBm
Minimum Input Level +1 dB error 58 dBm
Slope 26 24.5 23 mV/dB
Intercept 195 22 24 dBm
Output Voltage—High Power In Py= 10 dBm 0.7 0.78 086 |V
Output Voltage—Low Power In Pn= 40 dBm 142 152 162 |V
Temperature Sensitivity Py= 10 dBm
25°C T, 85°C 0.0011 dB/°C
40°C T, +25°C 0.003 dB/°C
f=19GHz Rraps= 500
Input Impedance 523||0.68 |IpF
+3 dB Dynamic Range T,=25°C 65 dB
+1 dB Dynamic Range T,=25°C 57 dB
40°C < T,< +85°C 50 dB
Maximum Input Level +1 dB error 2 dBm
Minimum Input Level +1 dB error 59 dBm
Slope 27 24.4 22 mV/dB
Intercept 17 20.4 24 dBm
Output Voltage—High Power In Py= 10 dBm 0.63 0.73 083 |V
Output Voltage—Low Power In Pn= 35dBm 1.2 1.35 15 \Y,
Temperature Sensitivity Pn=-10 dBm
25°C T, 85°C 0.0011 dB/°C
40°C T, +5°C 0.0072 dB/°C
f=22GHz Rraps= 500
Input Impedance 391]|0.66 ||pF
+3 dB Dynamic Range T,=25°C 65 dB
+1 dB Dynamic Range T,=25°C 58 dB
40°C < T,< +85°C 50 dB
Maximum Input Level +1 dB error 2 dBm
Minimum Input Level +1 dB error 60 dBm
Slope 28 24.4 21.5 | mVv/dB
Intercept 15 19.6 25 dBm
Output Voltage—High Power In Py= 10 dBm 0.63 0.73 084 |V
Output Voltage—Low Power In Pn= 35dBm 1.2 1.34 15 \Y,
Temperature Sensitivity Py= 10 dBm
25°C T, 85°C 0.0005 dB/°C
40°C T, +25°C 0.0062 dB/°C
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AD8318

Parameter Conditions Min Typ Max | Unit
f=3.6 GHz Rraps= 51
Input Impedance 119||0.7 |IpF
+3 dB Dynamic Range T,=25°C 70 dB
+1 dB Dynamic Range T,=25°C 58 dB
40°C < T,< +85°C 42 dB
Maximum Input Level +1 dB error 2 dBm
Minimum Input Level +1 dB error -60 dBm
Slope 24.3 mV/dB
Intercept 19.8 dBm
Output Voltage—High Power In Py= 10 dBm 0.717 \%
Output Voltage—Low Power In Pn= 40 dBm 1.46 \Y
Temperature Sensitivity Pn= 10 dBm
25°C T, 85°C 0.0022 dB/°C
40°C T, +25°C 0.004 dB/°C
f=5.8GHz Rraps= 1000
Input Impedance 33||0.59 ||pF
+3 dB Dynamic Range T,=25°C 70 dB
+1 dB Dynamic Range T,=25°C 57 dB
40°C < T,< +85°C 48 dB
Maximum Input Level +1 dB error 1 dBm
Minimum Input Level +1 dB error 58 dBm
Slope 24.3 mV/dB
Intercept 25 dBm
Output Voltage—High Power In Py= 10 dBm 0.86 \%
Output Voltage—Low Power In Pn= 40 dBm 1.59 \Y,
Temperature Sensitivity Py= 10 dBm
25°C T, 85°C 0.0033 dB/°C
40°C T, +25°C 0.0069 dB/°C
f=8.0 GHz Rraps= 500
+3 dB Dynamic Range T,=25°C 60 dB
40°C < T,< +85°C 58 dB
Maximum Input Level +3 dB error 3 dBm
Minimum Input Level +3 dB error 55 dBm
Slope 23 mV/dB
Intercept 37 dBm
Output Voltage—High Power In Py= 10 dBm 1.06 \%
Output Voltage—Low Power In Pn= 40 dBm 1.78 \Y,
Temperature Sensitivity Py= 10 dBm
25°C T, 85°C 0.028 dB/°C
40°C T, +25°C 0.0085 dB/°C
OUTPUT INTERFACE VOUT(PIin 6)
Voltage Swing Vger= 0V; R = 10 dBm, no load 4.9 \Y,
Vger=2.1V; R= 10 dBm, no load 25 mV
Output Current Drive Vse= 1.5V; R= 50 dBm 60 mA
Small Signal Bandwidth Pn= 10 dBm; from CLPF to VOUT 60 MHz
Video Bandwidth (or Envelope Bandwidth 45 MHz
Output Noise Pn= 2.2 GHz; 10 dBmf,se= 100 kHz, G= 220 pF 90 nV/ Hz
Fall Time Py= Off to 10 dBm, 90% to 10% 10 ns
Rise Time Pn= 10 dBm to off, 10% to 90% 12 ns

RevD | Page 4f 24




AD831

Parameter Conditions Min Typ Max | Unit
VSET INTERFACE VSETPIn 7)
Nominal Input Range P, = 0 dBm; measurement mode 0.5
Py= 65 dBm; measurement modé 21 \Y
Logarithmic Scale Factor 0.04 dB/mV
Bias Current Source Pn= 10 dBm; Vge= 2.1V 25 A
TEMPERATURE REFERENCE TEMRPIn 13)
Output Voltage T,=25°C, Rap= 10k 0.57 0.6 063 |V
Temperature Slope 40°C T,<+85°C, Rnap=10k 2 mV/°C
Current Source/Sink T,=25°C 10/0.1 mA
POWERDOWN INTERFACE ENBL(Pin 16)
Logic Level to Enable Device 1.7 \%
ENBL Current When Enabled ENBL=5V <1 A
ENBLCurrent When Disabled ENBL= 0 V; sourcing 15 A
POWER INTERFACE VPS[Pin 3 and Pin 4), VP$EIn 9)
Supply Voltage 4.5 5 5.5 \%
Quiescent Current ENBL=5V 50 68 82 mA
vs. Temperature 40°C T, +85°C 150 Al°C
Supply Current when Disabled ENBL= 0V, total currents for VP& dVPSO 260 A
vs. Temperature 40°C T, +85°C 350 A

1 Controller mode

2Gain = 1For other gains, see thileasurement Modesection

RevD | Page of 24
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AD8318

ABSOLUTE MAXIMING&AT

Table2. Stresses at or above those listed under Absolute Maximum
Parameter Rating Ratings may cause permanent damage to the product. This is a
Supply Voltage: PivPSO, Pin VPSI 57V stress rating only; functional operation of the product at these
ENBL, . Voltage 010 Voos or any other conditions above those indicated in the operational
Input Power (SingleEnded, Referenced | 12 dBm sectionof this specification is not implied. Operation beyond
to 50 ) the maximum operating conditions for extended periods may
Internal Power Dissipation 0.73W affect product reliability.
1 o
n | S5 W ESD CAUTION
Maximum Junction Temperature 125°C ESD (electrostatic disch ) Rive devi
. ° ° electrostatic discharge) sensitive device.
Operating Temperature Range 40°C to +85°C Charged devices and circuit boards can discharge
Storage Temperature Range 65°C to +150°C without detection. Although this product features
° patented or proprietary protection circuitry, damage
Lead Temperature 260°C ‘!’% \ may occur on devices subjected to high energy ESD.
. . o . Therefore, proper ESD precautions should be taken to
*With package die paddle soldered to thermal pads with vias connecting avoid performance degradation or loss of functionality.
to inner and bottom layers.

RevD | Page &f 24
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

(o]

=
2 _
I
g 2z@H
© n < o
— — — -
cMIP 1 12 cMIP
CMIP 2 AD8318 11 cMIP
TOP VIEW
VPSI 3 (Not to Scale) 10 TADJ
VPSI 4 9 VPSO
n [{e] N~
L - - o
53 6 2
58 2z

NOTES
1. EPAD. INTERNALLY CONNECTED
TO CMIP (SOLDER TO GROUND).

04853-002

Figure 3. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. Mnemonic | Description
1,2,11,12 | CMIP Device Common (Input System Ground).
3,4 VPSI Positive Supply Voltage (Input System): 4.5V to 5.5 V. Voltage on Pin 3, Pin 4, and Pin 9 should be equal.
5 CLPF Loop Filter Capacitor.
6 VOUT Measurement and Controller Output.
7 VSET Setpoint Input for Controller Mode or Feedback Input for Measurement Mode.
8 CcMOoP Device Common (Output System Ground).
9 VPSO Positive Supply Voltage (Output System): 4.5V to 5.5 V. Voltage on Pin 3, Pin 4, and Pin 9 should be equal.
10 TADJ Temperature Compensation Adjustment.
13 TEMP Temperature Sensor Output.
14 INHI RF Input. Nominal input range: —60 dBm to 0 dBm (referenced to 50 Q), ac-coupled.
15 INLO RF Common for INHI. AC-coupled RF common.
16 ENBL Device Enable. Connect to VPSI for normal operation. Connect pin to ground for disable mode.
EPAD Internally Connected to CMIP (Solder to Ground).

Rev.D | Page 7 of 24




AD8318

TYPICAL PERFORMANCE CHARACTERISTICS

Vros =5 V; Ta = +25°C, —40°C, +85°C; Crer = 220 pF; Rrapy = 500 ; unless otherwise noted. Colors: +25°C — Black; —40°C — Blue;

+85°C — Red.
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Figure 16. Input Impedance vs. Frequency; No Termination Resistor on
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Figure 17. Supply Current vs. Enable Voltage
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THEORY OF OPERATION

The AD8318 is a Stage demodulating logarithmic amplifier
that provides RF measurement and power amplifier control
functions. The design of the AD8318 is similar to the AD8313
logarithmic detector/controller. However, the AD8318 input
frequency range extends to 8 GHz wi0adB dynamic range.
Other improvements include: reduced intercept variability vs.
temperature, increased dynamic range at higher frequencies,
low noise measurement and controller outpd©UT),
adjustable lowpass corner frequenc€I(PH, temperature
sensor outputTEMP), nggative transfer function slope for
higher accuracy, and 10 ns response time for RF burst detection
capability. A block diagram is shown in Figag:

VPSI ENBL

TADJ VPSO

)\ raaY )\ )\
J J J J
TEMP GAIN
TEMP SENsOR| | Blas [T] SLOPE

FQ_O VSET
!

VOouT

[oET] [peT] [peT]

[oET]
" CLPF

ST | 3

O O
CMIP CMOP

INHI

INLO

04853-021

Figure22. Block Diagram

A fully differential design, using a proprietary high speed SiGe
process, extends high frequency performance. Input INHI
receives the signal with a Iéeequencympedance of nominally
1200 in parallel with 0.7 pF. The maxum input with +1 dB

log confomance error is typically 0 dBm feeenced t®0 ).

The noise spectral density referred to the input is 1.15Hx//
which is equivalent to a voltage of 118 V rmsin a 10.5 GHz
bandwidth,or a noise power of 66Bm (rferenced t&0 ).

This noise spectral density sets the lower limit of the dynamic

range. However, the low end accuracy of the AD8318 is enhanced

by specially shapintné demodulating transfer chatadstic to
partially compensate for errors due to internoise.

CMIP, the input system common pin, provides a quality low
impedance connection to the printed circuit board (PCB)
ground via four package pins. Ground the package paddle,
which is internally connected to the CMpih, to the PCB to
reduce thermal impedance from the die to the PCB.

The logarithmic function is approximated in a piecewise
fashion by nine cascaded gain stages. For a more complete
explanation of the logarithm approximation, refer to the
AD8307data sheet. The cells have a nominal voltage gain of
8.7dB each atha 3 dB bandwidth of 10.5 GHz.

Using precision biasing, the gain is stabilized over temperature
and supply variations. Because the cascaded gain stages are
dc-coupled, the overall dc gain is high. An offset compensation
loop is included to correct for offsets within the cascaded cells.
At the output of each of the gain stages, a segaareletector

cell rectifies the signal. The RF signal voltages are converted to a

fluctuating differatial current with an average value that
increases with signal level. Along with the nine gain stages and
detector cells, an additional detector is included at the input of
the AD8318, altogether providing a 60 dB dynamic range. After
the detector currentsre simmed and filtered, the function

ID x loglO(VIN/VINTERCEP‘) (l)
is formed at the summing node,

where:

I, is the internally set detector current.

V\y is the input signal voltage.

V nrercermiS the intercept voltage (that is, wheR ¥V rercepr
the output voltage would be 0 V if capable of going\®. 0

RevD| Page 11f 24


http://www.analog.com/AD8313
http://www.analog.com/AD8307

AD8318

USING THE AD8318

BASIC CONNECTIONS

The AD8318s specified for operation up to 8 GHz. As a result,
low impedance supply pins with adequate isolation between
functions are essential. In the AD8318, V&&8IVPSOthetwo
positive supply pins, must be connected to the same positive
potential. The VP3pin biases the input circuitry, while the
VPSOpin biases the low noise output driver for VOUT
Separate commons are also included in the device. GMOP
used as the common for the output drivers. ConméctCMIP
andPin CMOP to a low impedance ground ipia

Apply apower supply voltage of between 4.5V and 5.5V to
VPSOandVPSI In addition, 100 pF and 0.1 F power supply

decoupling capacitors connect close to each power supply pin.

The two adjacent VPSI pins can share a pair of decoupling
capacitors dué their proximity.

Vs
0
4 L
NOTE 1 %—gﬁw
1 1 cs
Lol [ [of [o] | &'o%F

CMIP CMIP TADJ VPSO
cMoP [
m o
RF 1nF
2T 1a] INH VSET[7
INPUT R\_l( EZF ADS318 l:
FEE15]inLo vouT EJ—OVOUT
CLPF [5 |— NOTE 2
]
CMIP CMIP VPSI VPSI

oovs| [1] [o] [3] [1]

J O
‘}f&mp

Temp O———— 13| TEMP

16| ENBL

T cs
b 0.1pF
Vs

1SEE TEMPERATURE COMPENSATION SECTION.
2SEE RESPONSE TIME SECTION.

04853-022

Figure23. Basic Connections

The paddle of the AD8318 LFCSP is internally connected to
CMIP. For optimum thermal and electrical performance, solder
the paddle to a low impedance ground plane.

ENABLE INTERFACE

To enable the AD8318, the ENBL pin must be pulled high.
Taking ENBL low puts the AD8318 in sleep mode, reducing
current consumption to 260 pA at ambient. The voltage on
ENBL must be greater than 2.¢{~1.7 V) to enable the device.
When enabled, the ENBL pin draws less than 1 pA. When
ENBL is pulled low, the pin sources 15 pA.

The enable interface has high input impedance. An internal
200 resistor is placed in series with the ENBL input for added
protection.Figure24 depicts a simplified schematic of the
enable interface. The response time of the AD8318 ENBL
interface is shown in Figugs.

VPSI

DISCHARGE
ENBL —0
2 xVgg
5N
NYE  [2xvge =
ENABLE g
CMIP O K
Figure24. ENBL Interface
N 1 o 2.07v
[ 1 @: 2.07v
B
500mV M400ns A CH1 / 920mV

- v 425.200ns
Figure25. ENBL Response Time; VPOS =5.0 V;
Input ACCoupling Caps = 18 pF; CLPF = Open
INPUT SIGNAL COUPL®

The RF input to the AD8318 (INH]I) is single eddand must

be aecoupled. INLO (input common) mudte aecoupled to
ground (see Figur23). Suggested coupling capacitors aré 1
ceramic, 0403tyle capacitors for input frequencies of 1 MHz to
8 GHz. The coupling capacitaraistbe mounted close to the
INHI pin and the INLO pin. These capacitor values can be
increased to lower the input ghighpass cutoff frequency.
The highpass corner is set by the input coupling capacitors and
the internal 10 pF capacitor. The dc voltage on IR INLO

is approximately one diode voltage drop below the voltage
applied to the VPSI pin

The Smith Charin Figurel6shows the AD8318 input
impedance vs. frequency. TaBliéststhe reflection coefficient
and impedance at select frequencies. For Fitfiaad Table4,
the 52.3 input termination resistor is removed. At dc, the
resistance is typically 2 k . At frequencies up tGHz, the
impedance is approximated as 1000 ||0.7 pF. The RF input
pins are coupled to a network as shown in the simplified
schematic in Figure6.
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Figure 26. Input Interface

While the input can be reactively matched, this is typically not
necessary. An external 52.3 ) shunt resistor (connected on the
signal side of the input coupling capacitors, see Figure 23)
combines with the relatively high input impedance to provide
an adequate broadband 50 Q) match.

Table 4. Input Impedance for Select Frequency

Frequency S11 Impedance Q
(MHz) Real Imaginary (Series)
100 +0.918 —-0.041 927-j491
450 +0.905 -0.183 173-j430
900 +0.834 —-0.350 61-j233
1900 +0.605 —-0.595 28-j117
2200 +0.524 -0.616 28-j102
3600 +0.070 —-0.601 26-j49
5300 —-0.369 —-0.305 20-j16
5800 —-0.326 —-0.286 22-j16
8000 —-0.390 —-0.062 22-j3

The coupling time constant, 50 x Cc/2, forms a high-pass
corner with a 3 dB attenuation at fyp = 1/(27 x 50 x Cc), where
C1 = C2 = Cc. Using the typical value of 1 nF, this high-pass
corner is ~3.2 MHz. In high frequency applications, fur must be
as large as possible to minimize the coupling of unwanted low
frequency signals. Likewise, in low frequency applications, a
simple RC network forming a low-pass filter must be added,
generally placed at the generator side of the coupling capacitors,
thereby lowering the required capacitance value for a given
high-pass corner frequency.

OUTPUT INTERFACE

The logarithmic output interface is shown in Figure 27. The
VOUT pin is driven by a PNP output stage. An internal 10 Q
resistor is placed in series with the emitter follower output and
the VOUT pin. The rise time of the output is limited mainly by
the slew on CLPF. The fall time is an RC limited slew provided
by the load capacitance and the pull-down resistance at VOUT.
There is an internal pull-down resistor of 350 Q). Any resistive
load at VOUT is placed in parallel with the internal pull-down
resistor and provides additional discharge current.

VPSO O
CLPF
100
. —AMA—O VOUT
i—i?
0.2v = <
- 3 150Q
3 2000 g
CMOP O g

Figure 27. Output Interface

SETPOINT INTERFACE

The setpoint interface is shown in Figure 28. The VSET input
drives the high impedance (250 kQ) input of an internal
operational amplifier. The VSET voltage appears across the
internal 3.13 kQ) resistor to generate Iser. When a portion

of VOUT is applied to VSET, the feedback loop forces

—Ip x logio(Vin/ Vinrercerr) = Iser (2)

If Vser = Vour/X, Iser = Vour/(X x 3.13 kQ). The result is
Vour = (=Ip x 3.13 kQ x X) x logio(Vin/ Vinterceer).

Iset
VSET ‘

3.13kQ

04853-026

CMOP
Figure 28. VSET Interface

The slope is given by —Ip x X x 3.13 kQ) = =500 mV x X. For
example, if a resistor divider to ground is used to generate a
Vser voltage of Vour/2, X = 2. The slope is set to —1 V/decade or
-50 mV/dB.

TEMPERATURE COMPENSATION OF OUTPUT
VOLTAGE

The AD8318 functionality includes the capability to externally
trim the temperature drift. Attaching a ground-referenced
resistor to the TADJ pin alters an internal current, minimizing
intercept drift vs. temperature. As a result, the Rrapy can be
optimized for operation at different frequencies.

Icomp
2v ¢
VINTERNAL
~0.4vV
2kQ
TAD) ¢

Figure 29. TADJ Interface

Rrapy, nominally 499 Q) for optimal temperature compensation
at 2.2 GHz input frequency, is connected between the TAD] pin
and ground (see Figure 23). The value of this resistor partially
determines the magnitude of an analog correction coefficient
that is employed to reduce intercept drift.
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Table 5 lists recommended resistors for various frequencies.
These resistors provide the best overall temperature drift based
on measurements of a diverse population of devices.

The relationship between output temperature drift and frequency
is nonlinear and is not easily modeled. Experimentation is
required to choose the correct Rrapy resistor at frequencies

not listed in Table 5.

Table 5. Recommended Rrapj Resistors

Frequency Recommended Rrap;
900 MHz 500 Q

1.9 MHz 500Q

22GHz 500 Q

3.6 GHz 510

5.8 GHz 1kQ

8 GHz 500Q
TEMPERATURE SENSOR

The AD8318 internally generates a voltage that is proportional
to absolute-temperature (Verar). The Verar voltage is multiplied

by a factor of 5, resulting in a 2 mV/°C output at the TEMP pin.

The output voltage at 27°C is typically 600 mV. An emitter
follower drives the TEMP pin, as shown in Figure 30.
VPSI

INTERNAL O

04853-028

O
cmIP
Figure 30. TEMP Sensor Interface

The internal pull-down resistance is 5 kQ). The temperature
sensor has a slope of 2 mV/°C.

The temperature sensor output varies with output current due
to increased die temperature. Output loads less than 1 kQ draw
enough current from the output stage causing this increase to
occur. An output current of 10 mA results in the voltage on the
temperature sensor to increase by 1.5°C, or ~3 mV.

Best precision from the temperature sensor is obtained when
the supply current to AD8318 remains fairly constant, that is,
no heavy load drive.

MEASUREMENT MODE

When the VOUT voltage, or a portion of the VOUT voltage, is
fed back to VSET, the device operates in measurement mode.
As shown in Figure 31, the AD8318 has an offset voltage, a
negative slope, and a VOUT measurement intercept greater
than its input signal range.

24 2.0
— Vour 25°C
2 —— ERROR 25°C 15
S
N
18 \\ 1.0
15 0.5 g
E’é 1.2 > T I 0 ao?
o ['4
< N M &
0.9 -0.5
/ RANGE OF N
0.6 | CALCULATION o 1.0
[ OF SLOPE AND ~
INTERCEPT L.
0.3 / 145 g
0 I g
—65-60 —55 -50 —45 40 3530 25-20-15-10 -5 0 5 10 15 |~
Py (dBm) INTERCEPT

Figure 31. Typical Output Voltage vs. Input Signal

The output voltage vs. input signal voltage of the AD8318 is
linear-in-dB over a multidecade range. The equation for this
function is

Vour = X x Vstopeec X 1ogio( Vin/ Vinrercepr) (3)
= X X Vsopwas X 20 x logio( Vin/ Vinrercepr) 4)

where:

X is the feedback factor in Vigr = Vour/X.

Vinrercepr is expressed in Vim.

Vsiopepec is nominally —500 mV/decade and Visiorgus is
nominally —25 mV/dB.

Vinrerceer, expressed in dBV, is the x-axis intercept of the linear-
in-dB transfer function shown in Figure 31.

Vintercepr is 7 dBV (20 dBm, referenced to 50 Q or 2.239 Vims)
for a sinusoidal input signal.

The slope of the transfer function can be increased to
accommodate various converter mV per dB (LSB per dB)
requirements. However, increasing the slope can reduce the
dynamic range. This is due to the limitation of the minimum
and maximum output voltages, determined by the chosen
scaling factor X.

The minimum value for Vour is X x Vorrser. The offset voltage,
Vorese, is equal to 0.5 V and is internally added to the detector
output signal.

Vouraumy = (X X Vorrser) (5)
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The maximum output voltage is 2.1 V x X, and cannot exceed
400mV below the positive supply.

Vourmaxy = (2.1 V x Xwhen X< (Voo 400 mV)/(2.1V)  (6)
Vourmaxy = (Veos 400 mV) when X (Vpes 400 mV)/ (2.1V)

()

When X = 1, the typical outpwoltage swing is 0.5V to 2.1 V.
The output voltage swing is modeled usiogi&ion5 to
Equation 7and restricted by Equation 8:

VOUT(MIN) < VOUT < VOUT(MAX) (8)
When X =4 and V,s=5V,

(XX Voresed < Vour < (Vpos 400 mV)

(4x05V)<W¥yr<(21Vx4)

2V <\y;<46V
For X = 4, slope = 100 mV/dB; ), can swing 2.6 V, and the
usable dynamic range is reduced to 26 dB from 0 dB26mBm.

The slope is very stable vs. process and temperature variation.
Whenbasel0 logarithms are usedg¥repecand€presents the
output voltage per decade of input power. One decade is equal
to 20 dB; \ opeed20 = Vg opegel€Presents the output voltage
slope in V/dB.

As noted in Equation 3, thé,; voltage has a negative slope.
This is the correctigpe polarity to control the gain of many
power amplifiers and other VGAs in a negative feedback
configuration. Because both the slope and intercept vary
slightly with frequency, refer ftablel for applicationspecific
values for thelope and intercept.

Although demodulating log amps respond to input signal
voltage, not input signal power, it is customary to discuss the
amplitude @ high frequency signals in terms of power. In this
case, the characteristic impedance of the systgmmuat be
known to convert voltages to corresponding power levels.
Beginning with the definitions of dBm and dBV,

P (dBm) = 10 x log(V,,Z/(Z, * 1 mW)) (9)

V (dBV) = 20 x log{V,nd1 Vo (20)
When Equation 9 is expanded

P (dBm) =20 x log(V,,d 10 % log,((Z,x 1 mW)  (11)
and given Equation 10, Equation 11 barrewritten as

P (dBm) =V (dBV) 10 x log(Z,*x 1 mW) (12)

For example, RrerceprfOr @ sinusoidal input signal, expressed
in terms of dBm (decibels referred to 1 mW), ina 50 system is

l:)INTEFZCEPT(dBrn) = \/INTERCEPT(dBV)
10 x log,(Z, x 1 mW) = (13
7 dBV 10 x log450 x 10% = 20 dBm

For further information on thentercept variation dependence
upon waveform, refer to the AD8348d AD8307data sheets.

DEVICE CALIBRATIONN® ERROR CALCULATION

The meaured transfer function of the AD8318 at 2.2 GHz is
shown in Figure32. The figure shows plots of both output
voltage vs. input power and calculated logf@onance error
VS. input power.

As the input power varies from 65 dBm to 0 dBm, the output
voltagevariesfrom 2 V to about 0.5 V.

—Vour +25°C
— VouT —40°
VOUT|pgaL = SLOPE (P — INTERCEPT) vouT e
SLOPE = (Vour1 — Vout2)/(Pin1 — Pin2) —EgLFJaTOR +25°C
INTERCEPT = Pyn; — (Vout1/SLOPE) — ERROR -40°C

ERROR (dB) = (V oyt X VOUT|pga )/SLOPE

ERROR +85°
22 OR +85°C 25

2.0 o< 2.0
~d /
1.8 N / 15
Vour2 %:‘ /
16 ~ 1.0
1.4 \‘ et / / 05 =
S ST ]
s e e BN =z
i - -
o 1 o
’
> 10 05 &
// / \\
v 0.8 - -1.0
ouT1 // \
0.6 o~ -15
0.4 /// ] o0 B
: 2
]
0.2 g
—65 -60 —55 | 45 —40 —35 —30 —25 —20 -15 5 0 5 |
Pinz Py (dBm) Pint INTERCEPT

Figure32. Transfer Function at 2.2 GHz

Becaus¢he slope and intercept vary from device to device,
boardlevel calibration is performed to achieve high accuracy.

The equation can be rewritten for output voltage, from the
Measurement Modsection, using an intercept expressed
in dBm.

Vour = Slopex (P, — Intercep} (19

In general, the calibration is performed by applying two known
signal levels to the AD8318 input and measuring the corre
sponding output voltages. The calibration points are generally
chosen to be within the lineém-dB operating range of the
device (see FigeB2). Calculation of thelope and intercept is
doneby:

Slope= (VOUTl
Intercept P,

VOUT?)/(PINI PINZ) (15)
Vourd Slope (16)

Oncethe slope and intercept are calculated, an equatiorbean
written to allow calculation of an (unknown) input power based
on the output voltage of the detector.

Pn(unknown) =V ,; (measureliSloper Intercept  (17)
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Using the equation for the ideal output voltage (see Equatics13)

a reference, the log conformance error of the measured data can

be calculated as

Error (dB) = (Mourmeasureny  Voutioean)! Slope (18)

Figure32includes a plot of the error at 25°C, the temperature at
which the log amp is calibrated. Note that the error is not zero.
This is because the log amp does not perfectly follow the ideal
Vour VS.Py €quation, even within its operating region. The eator
the calibréion points ( 12 dBm and 52 dBm, in this case) is,
however, equal to 0 by definition.

Figure32includes error plots for the output voltage 40°C

and +85°C. These error plots are calculated using the slope
and intercept at 25°C. This method is consistent with a-mass
production envirooment where calibration at temperature is
not practical.

SELECTING CALIBRATNAPOINTS TO IMPROVE
ACCURACY OVER A REDED RANGE

In some applications, very high accuracy is required at just one
power level or over a reduced input range. For example, in a
wireless transmitter, the accuracy of the higivgyoamplifier

(HPA) is most critical at, or close to, full power.

Figure33shows the same measured data as FRfurblote

that accuracy is very high froni0 dBm to 30 dBm. Below
30dBm, the error increases to aboutdB. This is because

the calibration points have changed tb4 dBm and 26 dBm.

—Vour #25°C  —ERROR +25°C

—Vour —40°C  — ERROR —40°C
Vour +85°C ERROR +85°C
22 25
2.0 f=— 2.0
1.8 ~ / 1.5
1.6 // 1.0
14 N 05
s / g
~ o
Vourz = % = < = ° 2
> 10 — 05 &
L~
Vouri / » -1.0
0.6 —=A —{-1.5
0.4 / 20 8
/
0.2 -25 =°
—65 —60 -55 -50 —45 —40 —-35 -30 -20 -10 5 0 5
PiN (dBfT;)
Pin2 Ping

Figure33. Output Voltage and Error ygwirh 2-Point Calibration at
10 dBm and 30 dBm
Calibration points are chosen to suit the application at hand. In
general, the calibration points are never chosen in the nonlinear
portion of the transfer functiomf the log amp (above5 dBm
or below 60 dBm, in this case).

Figure34shows how calibration points can be adjusted to
increase dynamic range but at the expense of linearity. In this
case, the calibration points for slope and intercept are set at

4dBm and 60dBm. These points are at the end of the linear
range of the device. =

Once again, at 25°C, an error of 0 dB is seen at the calibration
points. Note also that the range over which the AD8318
maintains an error of < +1 dB is extended to 60 dB at 25°C and
58 B over temperature. The disadvantage of this approach is
that linearity suffers, especially at the top end of the input range.

22 25
— Vour +25°C — ERROR +25°C
20— — Vout —40°C  — ERROR —40°C 2.0
N Vour +85°C ERROR +85°C
1.8 ~ t / 15
1.6 N 7‘ / 1.0
1.4 - 05
2’: " /“—’ ~ N\ :\ / o S
8 . / / 8
> 10 05 X
: (7 S W
0.8 / -1.0
0.6 i =15
58dB DYNAMIC RANGE (+1dB ERROR) —pt{ T .
HEEREEEN
25 ©

0.2
—65 60 55 -50 45 40 -35 -30 25 -20 -15-10 -5 0 5
Py (dBm)

Figure34. Dynamic Range Extension by Choosing Calibration Points
Close to the End of the Linear Rang

Another way of presenting the error function of a log amp
detector is shown in FiguB5. In this case, the dB error at hot
and cold temperatures is calculated with respect to the output
voltage at ambient. This is a key difference in comparison to the
plots in Figure33andFigure34. Previously, all errors were
calculated with respect to the idé&@ansfer function at ambient.

When this alternative technique is used, the error at ambient
becomes, by definition, equal to O (see Figbje This is valid

if the device transfer function perfectly follows the ideal

Vour = Slopex (P, Intercep} equation. However, because a

log amp in practie never perfectly follows this equation
(especially outside of its linear operating range), this plot tends
to artificially improve linearity and extend the dynamic range.
This plot is a useful tool for estimating temperature drift at a
particular powerével with respect to the (nonideal) output
voltageat ambient. However, to achieve this level of accuracy in
an end application requires calibration at multiple points in the
operating range of the device.

RevD| Page 1&®f 24



























	Features
	Applications
	Functional Block Diagram
	General Description
	Revision History
	Specifications
	Absolute Maximum Ratings
	ESD Caution

	Pin Configuration and Function Descriptions
	Typical Performance Characteristics
	Theory of Operation
	Using the AD8318
	Basic Connections
	Enable Interface
	Input Signal Coupling
	Output Interface
	Setpoint Interface
	Temperature Compensation of Output Voltage
	Temperature Sensor
	Measurement Mode
	Device Calibration and Error Calculation
	Selecting Calibration Points to Improve Accuracy over a Reduced Range
	Variation in Temperature Drift from Device to Device
	Temperature Drift at Different Temperatures
	Setting the Output Slope in Measurement Mode
	Response Time Capability
	Output Filtering
	Controller Mode
	Characterization Setup and Methods

	Evaluation Board
	Outline Dimensions
	Ordering Guide


