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Parameter Conditions Min. Typ. Max. Units

PHASE NOISE [14]

Flicker Figure of Merit (FOM)[2] -270 dBc/Hz

Floor Figure of Merit [11] 

Integer HiK Mode
Integer Normal Mode
Fractional HiK Mode [3]
Fractional Normal Mode [3]

-236
-232
-232
-228

-233
-230
-230
-227

-231
-228
-227
-225

dBc/Hz
dBc/Hz
dBc/Hz
dBc/Hz

Flicker Noise at  foffset PNflick = Flicker FOM +20log(fvco) -10log(foffset) dBc/Hz

Phase Noise Floor at fvco with fpd PNfloor = Floor FOM + 10log(fpd) +20log(fvco/fpd) dBc/Hz

VCO referred Phase Noise Contribution 

of the PLL vs foffset, fvco, fpd
PN = 10log(10(PNflick /10) + 10(PNfloor /10)  ) dBc/Hz

Jitter
SSB 100Hz to 100MHz with 
HMC508LP5E VCO

50 fs

SPURIOUS [4][5]

Integer Boundary Spurs @~8GHz
offsets less than loop band-

width, fpd = 50MHz
-60 -52 dBc

LOGIC INPUTS

Switching Theshold (Vsw) VIH/VIL within 50 mV of Vsw 38 47 54 % VDDIO

LOGIC OUTPUT

VOH Output High Voltage VDDIO V

VOL Output Low Voltage 0 V

 Output impedance : Pull Up VDDIO=3.3 V 115 150 180 Ohm

Output impedance : Pull Dn VDDIO=3.3 V 130 135 210 Ohm

DC load 1.5 mA

Digital Output Driver Delay
SCK to Digital Output Delay

1.7nsec with a 3 pF load
0.5ns+0.2ns/pF
8.2ns+0.2ns/pF

ns
ns

RF Divider Range

       >4GHz Integer Mode 16 bit , Even values only 32 131,070

       < 4GHz Integer Mode 16 bit , All values 16 65,535

       > 4GHz Fractional Mode 16 bit 40.0 131,065.0

       < 4GHz Fractional Mode 16 bit 20.0 65,531.0

[1] Frequency is guaranteed across process, voltage and temperature from -400C to 850C.
[2] With high charge-pump current, +12dBm 100MHz sine reference
[3] Fractional FOM degrades about 3dB/octave for prescaler input frequencies below 2GHz
[4] Using 50MHz reference with VCO tuned to within one loop bandwidth of an integer multiple of the PD frequency. Larger 

offsets produce better results. See the “Spurious Performance” section for more information.
[5] Measured with the HMC703LP4E evaluation board. Board design and isolation will affect performance.
[6] Internal divide-by-2 should be enabled for frequencies >4GHz
[7] At low RF Frequency, Rise and fall times should be less than 1ns to maintain performance
[8] Slew rate of greater or equal to 0.5 V/ns 
[9] Current consumption depends upon operating mode and frequency of the VCO.  Typical values are for fractional mode.
[10]  Reference input disconnected
[11] Min/Max versus temperature and supply, under typical reference & RF frequencies and power levels
[12] Slew > 0.5V/ns is recommended , see Table 7, Figure 5, Figure 6 for more information.
[13]  Operable with reduced spectral performance outside of this range.
[14] This section specifies the Phase Noise contribution of the PLL, solution phase noise with a given VCO, loop filter and 

reference requires a closed loop calculation using Hittite PLL Design Tool.
[15] As measured on HMC703LP4E Evaluation board, with 100Ohm external termination.

Table 34. Electrical Specifications (Continued)
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The Figures of Merit are essentially normalized noise parameters for both the PLL and VCO that can allow quick esti-
mates of the performance levels of the PLL at the required VCO, offset and phase detector frequency. Normally, the PLL 
IC noise dominates inside the closed loop bandwidth of the synthesizer, and the VCO dominates outside the loop band-
width at offsets far from the carrier. Hence a quick estimate of the closed loop performance of the PLL can be made by 
setting the loop bandwidth equal to the frequency where the PLL and free running phase noise are equal.

The Figure of Merit is also useful in estimating the noise parameters to be entered into a closed loop design tool such as 
Hittite PLL Design, which can give a much more accurate estimate of the closed loop phase noise and PLL loop filter 
component values.

Given an optimum loop design, the approximate closed loop performance is simply given by the minimum of the PLL 
and VCO noise contributions.

( )2 2 2min ,p n� = � �

An example of the use of the FOM values to make a quick estimate of PLL performance: Estimate the phase noise of an 
8 GHz closed loop PLL with a 100 MHz reference operating in Fractional Mode B with the VCO operating at 8 GHz and 
the VCO divide by 2 port driving the PLL at 4 GHz. Assume an HMC509 VCO has free running phase noise in the 1/f2 
region at 1 MHz offset of -135 dBc/Hz and phase noise in the 1/f3 region at 1 kHz offset  of -60 dBc/Hz.

Fv1_dB = 	 -135		  Free Running VCO PN at 1MHz offset
	 +20*log10(1e6)		  PNoise normalized to 1Hz offset
	 -20*log10(8e9) 		  Pnoise normalized to 1Hz carrier
	 = -213.1 dBc/Hz at 1Hz		  VCO FOM

Fv3_dB = 	 -60		  Free Running VCO PN at 1kHz offset
	 +30*log10(1e3)		  PNoise normalized to 1Hz offset
	 -20*log10(8e9) 		  Pnoise normalized to 1Hz carrier
	 = -168 dBc/Hz at 1Hz		  VCO Flicker FOM

We can see from Figure 3 and Figure 4 respectively that the PLL FOM floor and FOM flicker parameters in fractional 
Mode A:

Fpo_dB = -227 dBc/Hz at 1Hz
Fp1_dB = -266 dBc/Hz at 1Hz

Each of the Figure of Merit equations result in straight lines on a log-frequency plot. We can see in the example below 
the resulting 

PLL floor at 8 GHz = Fpo_dB +20log10(fvco) -10log10(fpd) = -227+198 -80 = -109 dBc/Hz
PLL Flicker at 1 kHz = Fp1_dB+20log10(fvco)-10log10(fm) = -266 +198-30 = -98 dBc/Hz
VCO at 1 MHz = Fv1_dB+20log10(fvco)-20log10(fm)= -213 +198-120           = -135 dBc/Hz
VCO flicker at 1 kHz = Fv3_dB+20log10(fvco)-30log10(fm)= -168 +198-90 =  -60 dBc/Hz

These four values help to visualize the main contributors to phase noise in the closed loop PLL. Each falls on a linear 
line on the log-frequency phase noise plot shown in Figure 27.

(EQ 2)   ( )
22
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(EQ 3)   PLL-VCO Noise
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cific address, it is necessary in the first SPI cycle to write the desired address to Reg 00h[4:0], then in the next SPI cycle 
the desired data will be available on LD_SDO.

An example of the Open Mode two cycle procedure to read from any random address is as follows:

a.	 The Master (host), on the first 24 falling edges of SCK places 24 bit data, d23:d0, MSB first, on SDI 
as shown in Figure 44. d23:d5 should be set to zero. d4:d0 = address of the register to be READ on 
the next cycle.

b.	 the slave (synthesizer) shifts in data on SDI on the  first 24 rising edges of SCK
c.	 Master places 5 bit register address , r4:r0, ( the address the WRITE ADDRESS register), MSB first, 

on the next 5 falling edges of SCK (25-29). r4:r0=00000.
d.	 Slave shifts the register bits on the next 5 rising edges of SCK (25-29).
e.	 Master places 3 bit chip address, a2:a0, MSB first, on the next 3 falling edges of SCK (30-32).The 

HMC703LP4E  chip address is fixed at 000.
f.	 Slave shifts the chip address bits on the next 3 rising edges of SCK (30-32).
g.	 Master asserts SEN after the 32nd rising edge of SCK.
h.	 Slave registers the SDI data on the rising edge of SEN.
i.	 Master clears SEN to complete the address transfer of the two part READ cycle.
j.	 If we do not wish to write data to the chip at the same time as we do the second cycle , then it is 

recommended to simply rewrite the same contents on SDI to Register zero on the READ back part 
of the cycle.

k.	 Master places the same SDI data as the previous cycle on the next 32 falling edges of SCK.
l.	 Slave (synthesizer) shifts the SDI data on the next 32 rising edges of SCK.
m.	 Slave places the desired data (i.e. data from address  in Reg 00h[4:0 ]) on LD_SDO on the next 32 

rising edges of SCK. Lock Detect is disabled.
n.	 Master asserts SEN after the 32nd rising edge of SCK to complete the cycle and revert back to Lock 

Detect on LD_SDO.

Note that if the chip address bits are unrecognized (a2:a0), the slave will tri-state the LD_SDO output to prevent a pos-
sible bus contention issue.

Table 12. SPI Open Mode - Read Timing Characteristics
Parameter Conditions Min. Typ. Max. Units

t1

t2

t3

t4

t5

t6

t7

SDI setup time

SDI hold time

SEN low duration

SEN high duration

SCK Rising Edge to SDO time

SEN to SCK Recovery Time

SCK 32 Rising Edge to SEN Rising Edge

3

3

10

10

10

10

8.2+0.2ns/pF

ns

ns

ns

ns

ns

ns

ns
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