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How to Bypass VCO Calibration for the ADF4355-2, ADF4355, ADF4355-3, ADF4356,
ADF5355, and ADF5356

INTRODUCTION

This application note describes how to bypass the automatic VCO
core and band select and automatic VCO bias level calibration.
VCO bias level calibration and VCO core and band select are
collectively known as AUTOCAL on the ADF4355-2, ADF4355,
ADF4355-3, ADF4356, ADF5355, and ADF5356 phase locked
loop (PLL) family. In most applications, AUTOCAL takes up to
3 ms. This is too slow for applications that need to cover a wide
range of frequencies as quickly as possible, like signal and
network analyzers.

On application of the bypass VCO calibration or bypass
procedure, the user first programs each frequency using the
standard AUTOCAL procedure, and for each frequency, reads
back the VCO core, VCO band, and VCO bias. It is
recommended that the user use AUTOCAL to build up a table
of these values for each frequency and on application of the
bypass procedure, load these values to the ADF4355-2,
ADF4355, ADF4355-3, ADF4356, ADF5355, or the ADF5356
when programming a new frequency, which eliminates the
additional time taken by the AUTOCAL procedure.
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VCO CALIBRATION

BYPASS VCO CALIBRATION FOR FASTER LOCK
TIMES

For any given output frequency, the ADF4355-2, ADF4355,
ADF4355-3, ADF4356, ADF5355, and ADF5356 use a certain
voltage controlled oscillator (VCO) core, band, and bias code.
These three settings are selected automatically during the VCO
automatic calibration (AUTOCAL). The settings are read from
the ADF4355-2, ADF4355, ADF4355-3, ADF4356, ADF5355, or
ADF5356 and stored in a lookup table. Use the lookup table to
bypass the AUTOCAL routine, which dramatically decreases
the total lock time when changing frequency. For example, lock
times of less than 30 ys are possible with a 60 kHz loop
bandwidth. Figure 1 shows an example of a suitable filter.
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kyco = 15 MHz/V; fopp = 61.44 MHz; Icp = 0.9 mA;
LBW = 59.7 kHz; AND PM = 46.5°
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Figure 1. Example Loop Filter with a 60 kHz Loop Bandwidth

Generate a new lookup table for every chip because each chip is
unique.

The VCO calibration bypass and lookup table functionality is
implemented in the evaluation board control software.

VCO READBACK PROCEDURE

Skip Step 5 and Step 6 for the ADF4355-3 as this product uses a
fixed VCO bias code. The VCO readback procedure is as follows:

1. Load all registers to lock to desired frequency.

a) Ensure VCO read is set to VCO core and band (R10,
DB[28:26] = 0b001).

b) Ensure VCO readback is set to VCO calibration
complete (R7, DB[14:12] = 0b110).

¢) Ensure MUXOUT is set to VCO readback (R4,
DB[29:27] = 0b111).

d) Ensure AUTOCAL is enabled (RO, DB21 = 1); see the
corresponding data sheet for the RO figure.

2. Wait until MUXOUT outputs a logic high (VCO
calibration complete).

3. Load R7 with VCO readback set to VCO readback (R7,
DB[14:12] = 0b111).

4. Pulse SPI CLK while LE is kept high. Data is output on
MUXOUT. Extract data as shown in Figure 2.

5. Load R10 with VCO read set to VCO bias code (R10,
DB[28:26] = 0b011).

6. Repeat Step 4 for bias data.

7. Repeat Step 1 to Step 6 to build a lookup table for all
desired frequencies. For Step 1, it is only required to write
R10, R7, R2, R1, and RO after the first iteration. R2 and R1
are optional if they have not changed.

DATA CLOCKED OUT ON POSITIVE EDGE OF CLK AND READ ON NEGATIVE
EDGE OF CLK. READBACK STARTS ON FIRST CLK AFTER LE GOES HIGH.
LE MUST STAY HIGH DURING READ.

CORE AND BAND (R10 DB[28:26] = 1):

LE _
CLK
MUXOUT ;1 I | —
IX!1 00!0 1000 11 0!
1 1CORE=A, BAND =70 1
001 D
010 Cc
011 B
100 A
BIAS CODE (R10 DB[28:26] = 3):
LE |
CK_Pmnmnnrnnrnhnnrhrry
MUXOUT — 1 M ey I
XX X X X X X x'o 1.1 o!
1 1BIAS CODE = 6,
NOTES:

1. X =DON'T CARE.
2. MUXOUT MUST BE SET TO VCO READBACK (R4, DB[29:27] = 7).
3. VCO READBACK MUST BE SET TO VCO READBACK (R7, DB[14:12] = 7).

Figure 2. VCO Readback

BYPASS AUTOMATIC CALIBRATION (AUTOCAL)
TO MANUALLY SELECT VCO AND LOCK

If the required VCO core, band, and bias code for a desired
frequency is known (for example, in a lookup table), the VCO
calibration routine can be bypassed and the VCO data set manually
with the following steps.

ADF4355-2, ADF4355, and ADF5355

1. Load RO with AUTOCAL disabled (R0, DB21 = 0b0). This
step is optional if AUTOCAL is already disabled.

2. Load R10 with VCO write set to VCO core and band (R10,
DB[31:29] = 0b001).

3. Load R11 with VCO core, band, and bias code set as
defined in Figure 7. Note VCO core bits are different for
read and write.

4. Load R10 with VCO write set to VCO bias code (R10,
DB[31:29] = 0b011).

5. Reload R11 with the same value as in Step 3.

6. Lock to desired frequency by programming R2, R1, and RO
in that order.
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ADF4355-3

1.

2. Load R10 with VCO write set to VCO core and band (R10, register writes:
DB[31:29] = 0b001). 1. Load RO with AUTOCAL disabled (R0, DB21 = 0b0). This
3.  Load R11 with VCO core and band, set as defined in step is optional if AUTOCAL is already disabled.
Figure 7 and VCO bias code = 2 (normal operation). Note 2. Load R10 with VCO write set to VCO core, band and bias
VCO core bits are different for read and write. code (R10, DB[31:29] = 0b011).
4. Load R10 with VCO write set to VCO bias code (R10, 3. Load R11 with VCO core, band, and bias code set as
D B[lfl.29] = Ob()fl 1. defined in Figure 8. Note VCO core bits are different for
5. Lock to desired frequency by programming R2, R1, and RO read and write.
in that order. 4. Lock to desired frequency by programming R13, R2, R1,
and RO in that order.
e = ™
% &
wo| S wl o .
Q > u |
gE| 8 w |8 k g |
22| o g S12] ¢ |Eelen
= I > | current g5 (.3 o [a2138 CONTROL
RESERVED MUXOUT ol 2 10-BIT R COUNTER DBR! 8 seTTNG  DBR! | @ | 5 |2 & |obh|oe BITS
DB31|DB30|DB29|DB28 |DB27 |DB26 | DB25 | DB24 | DB23 | DB22 | DB21 | DB20 |DB19 | DB18|DB17 | DB16 | DB15 |DB14 | DB13 |DB12 | DB11|DB10|DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO
\ 0 0 M3 M2 M1 RD2 | RD1 | R10 R9 R8 R7 R6 R5 R4 R3 R2 R1 D1 CP4 | CP3 | CP2 | CP1 | U6 us u4 u3 u2 Ul [c4(0)| C3(1) | C2(0) Cl(()))
(RDZ DOUBLER ) D1 | DOUBLE BUFFERED Us | REFIN ("1 | counrer \
REGISTER 6, BITS[DB23:DB21] RESET
l 0 | DISABLED Lo DISABLED 0 SINGLE 0 | DISABLED
1 | ENABLED J 1 | ENABLED 1 DIFF \ 1 | ENABLED
(i ‘ ' '
RD1| REFERENCE DIVIDE BY 2 ( T (MA) ) cp
u2
0 DISABLED CP4 CcP3 cP2 CcP1 sc.1pkn us LDP THREE-STATE
1 | enaBLED 0 0 0 0 0.31 0 18v 0 | DISABLED
0 0 0 1 0.63 1 3.3V 1 ENABLED
r \ 0 0 1 0 0.94
RO _RY o Rz _R1 | RDIVIDER(R) 0 0 1 1 1.25 (ua | PoPOLARITY U3 | POWER DOWN )
0 0 0 1]t 0 1 0 0 1.56 Lo NEGATIVE J Lo DISABLED J
0 0 1 0 2 0 1 0 1 1.88
0 1 1 0 219 1 POSITIVE 1 ENABLED
0 1 1 1 2.50
. ) . . . 1 0 0 0 2.81
1 0 0 1 3.13
1 1 0 0 1020 1 0 1 0 3.44
1 1 0 1 1021 1 0 1 1 3.75
1 1 1 0 1022 1 1 0 0 3.96
\1 1 1 1 1023 ) 1 1 0 1 4.38
1 1 1 0 4.69
(M3 M2 M1 ]| outpur 1 = 1 1 50 J
0 0 0 THREE-STATE OUTPUT
0o o 1 DVpp
0 1 0 DGND
0 1 1 R DIVIDER OUTPUT
1 0 0 N DIVIDER OUTPUT
1 0 1 ANALOG LOCK DETECT
1 1 0 DIGITAL LOCK DETECT
1 1 1 VCO READBACK

Load RO with AUTOCAL disabled (RO, DB21 = 0b0). This
step is optional if AUTOCAL is already disabled.

ADF4356 and ADF5356

The ADF4355 method can be used for the ADF4356; however,

the following method is preferred because there are fewer

DBR = DOUBLE BUFFERED REGISTER—BUFFERED BY THE WRITE TO REGISTER 0.
Figure 3. Register 4 ADF4355-2, ADF4355, ADF4355-3, ADF4356, ADF5355, and ADF5356
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4 - N
Q a8 a 83 w
< & LD g z2 |[8§
@ u CcYcLlE | = Q9 s
4 u CONT [ B | =& a EONIRES
RESERVED - RESERVED VCO READBACK 4 S| &% 3 BITS
DB31|DB30 | DB29 | DB28| DB27 | DB26 | DB25| DB24 | DB23| DB22 | DB21 | DB20 | DB19 | DB18| DB17| DB16| DB15| DB14| DB13| DB12| DB11|DB10| DBY| DBS [ DB7| DB6 | DBS [ DB4 [ DB3| DB2 [ DB1 | DBO
\°|ofo]1|[ofofwe]o]Jojo]ofof]ofo]of[o]o]vs|vrjvr| o o |ips|toa|LoL|LpsLp2|LD1]|cao)c3m]caw]|ci)
A
(UR3_VR2 VR1 | VCO READBACK Y ﬁ_m LOCK DETECT MODE \
0 0 0 | NORMAL OPERATION 5 [FRAcToNALN
0 0 1 | RESERVED
1 | INTEGER-N (2.9ns)
0 1 0 | RESERVED
0 1 1 | RESERVED
1 0o o | ReserveD 4
1 o 1 | reservep ((LD3 D2 | FRACTIONAL-N LD PRECISION )
1 1 0 | VCOCALIBRATION COMPLETE o o |sons
1 1 1 | VCOREADBACK 0 1 | eons
1 o | sons
1 1 12.0ns
ﬂ_E LE SYNCHRONIZATION \ ﬂ_OL LOSS OF LOCK MODE \
o [oisaBLED o [pisaBLED
1 |LE SYNCEDTO REFIN 1 |ENABLED
Y
((LD5 _ LD4 | LOCK DETECT CYCLE COUNT
o o | 1024
o 1 | 2048 3
8
1 o | 409 2
8
1 1 8192 &
Figure 4. Register 7 (ADF4355-2, ADF4355, ADF4355-3, and ADF5355)
é g1 o o oz h
[0] [8) w
) w w [a) -0 w
aolz | £ Z LD o| za |8
wel 8 | o @ cee | 2128 |3 CONTROL
RESERVED >l 81 - RESERVED VCO READBACK & COUNT | © gg o] BITS
DB31| DB30 | DB29 | DB28| DB27 | DB26 | DB25| DB24 | DB23| DB22 | DB21 [ DB20| DB19| DB18| DB17| DB16 | DB15 | DB14| DB13| DB12| DB11| DB10| DBY| DB8 | DB7| DB6 | DBS | DB4 | DB3| DB2 | DB1 | DBO
\° | o] oo |Eafo]o]ofo]ofo]o]o]o]o]|vwrsvrafvri| o | o |Lps|LDa|LoL|LD3[LD2LD1[ca0)]c3w)|caw)|ciw)
(UR3_VR2 VRL | VCO READBACK Y ﬁm LOCK DETECT MODE \
(LEl LE SYNCHRONIZATION \ 0 0 0 | NORMAL OPERATION o | FRACTIONAL-N
0 0 1 | RESERVED
o [oisaBLED o 1 o | reserveo 1 | INTEGER-N (2.9ns)
1 |LE SYNCED TO REFy o 1 1 | ResErvED
1 0 0 | RESERVED 4
1 o 1 | Reserveo ((LD3__LD2 | FRACTIONAL-N LD PRECISION )
Y 1 1 0 | VCOCALIBRATION COMPLETE o o |sons
1 1 1 | VCOREADBACK o 1 |eons
LE2| LE SEL SYNC EDGE
1 0o |sons
0 [ LE SYNC EDGE TO REFERENCE FALLING EDGE L1 12.0ns
1 | LE SEL SYNC TO REFERENCE RISING EDGE '
ﬁOL LOSS OF LOCK MODE \
0 |DisaBLED
1 |ENABLED
Y
(D5 LD4 | LOCK DETECT CYCLE COUNT
o o | 1024
0 1| 2048 5
3
1 0 4096 3
8
1 1 8192 a

Figure 5. Register 7 (ADF4356 and ADF5356)

Rev.D | Page 5 of 8



https://www.analog.com/ADF4355-2?doc=AN-1353.pdf
https://www.analog.com/ADF4355?doc=AN-1353.pdf
https://www.analog.com/ADF4355-3?doc=AN-1353.pdf
https://www.analog.com/ADF5355?doc=AN-1353.pdf
https://www.analog.com/ADF4356?doc=AN-1353.pdf
https://www.analog.com/ADF5356?doc=AN-1353.pdf

AN-1333

4 - N
ol Yy
o] 2
ADC ol 8 CONTROL
VCO WRITE VCO READ RESERVED CLOCK DIVIDER of < BITS
DB31|DB30 | DB29 | DB28 | DB27 | DB26 | DB25| DB24| DB23| DB22| DB21 | DB20| DB19 | DB18 | DB17| DB16 | DB15| DB14|DB13 | DB12| DB11 | DB10| DBY [ DBE | DB7| DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
\/W3 | vwz | vwi | VRS | VRe | VRI 0 1 1| o o [0 o o ]o o |o [aps|ap7 D6 |ADS |AD4|ADS|AD2|ADL|AE2|AEL |CAW|CIO)|C2D)|CLO))
AEL
o | oisaBLED
(VR3 VR2 VR1 | vcoREAD 1 ENABLED
0 0 0 | NORMAL OPERATION
0 0 1 | VCOCOREANDBAND
0 1 0 | RESERVED
0 1 1 | veo Bias cooe AE2| ADC CONVERSION
1 0o o0 | REsERveD 0 | pisABLED
1 0 1 RESERVED 1 ENABLED
1 1 0 | RESERVED
\l ! 1 | RESERVED
(AD8  AD7T ... AD2_ ADL[ ADCCLKDIV )
(w3 vw2 vwi | vco WRITE N\ 0 0 0 1|1
0 0 0 | NORMAL OPERATION 0 0 1 o |2
o o 1 |wvcocoreanoBANO | L
0 1 0 | RESERVED
0 1 1 | VCOBIASCODE ) ]
1 0o o | Reservep 1 1 0 o | 252
1 0o 1 | ReEservep 1 P 0 1| 253 "
g
1 1 0 | RESERVED . . 1 o | 254 g
1 1 1 | RESERVED g
1 1 1 1| 255 a
Figure 6. Register 10 (ADF4355-2, ADF4355, ADF4356, ADF5355, and ADF5356)
( - )
oy
0| 2
w
2% &
ADC ol 8 CONTROL
VCO WRITE VCO READ RESERVED CLOCK DIVIDER ol < BITS
DB31|DB30 | DB29 | DB28 | DB27 | DB26 | DB25| DB24 | DB23 | DB22 | DB21 | DB20 [ DB19| DB18| DB17| DB16 | DB15 | DB14 [DB13 | DB12| DB11| DB10| DBY | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
w3 | w2 | vwi | vR3 | VR | VR 0 1 {1 ]o o [o]o o |o]o [o [aps|ap7|aDs|ADS |aDsaD3|AD2|ADL|AE2|AEL|CAD|CIO)|C2M)(CLO))
AEL
o | pisaBLED
(VR3 VR2 VR1 | vCO READ \ 1 ENABLED
0 0 0 | NORMAL OPERATION
0 0 1 | VCOCOREANDBAND
o 1 o | REserveD A
o 1 1 | vcosiascope AE2| ADC CONVERSION
1 0o o | REserveD o | pisaBLED
1 0 1 RESERVED 1 ENABLED
1 1 0 | RESERVED
\l. 1 1 [ RreserveDp
(AD8  AD7 ... AD2 AD1| ADCCLKDIV )
(w3 vw2 vwi| vCO WRITE \ 0 0 0 1]
0 0 0 | RESERVED 0 0 1 o |2
0 0 1 | VCOCOREANDBAND
0 1 0 | RESERVED
0 1 1 | VCOBIAS CODE/NORMAL OPERATION ) R ) e
1 0 0 | RESERVED 1 1 o o | 252
oo | e Lo e i ;
1 1 1 o | 254 8
1 1 1 | RESERVED g
\ L 1 1 1| 255 ) ]

Figure 7. Register 10 (ADF4355-3)
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4 N\
CONTROL
RESERVED VCO CORE VCO BIAS VCO BAND BITS
DB31|DB30| DB29 [ DB28 | DB27 | DB26 | DB25 [ DB24 | DB23| DB22| DB21 | DB20| DB19| DB18| DB17| DB16 | DB15 | DB14 | DB13 | DB12| DB11 | DB10| DBY | DBS | DB7 | DBS6 | DBS | DB4 | DB3| DB2 | DB1 | DBO
\°|o]ofofofo]o]o o | 1|1 0 [ca|ca]ca|ci|sa|ss|B2| 81| Bas|BA7|Bas|BAs|Ba4[Ba3| BA2|BAL [ca)ca)| com)|ciw)
(c4 c3 c2 ci1 | vcocore A
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o /o .
(B4 B3 B2 Bl | VCOBIAS A 1 1 0 o | 252
o o o o0 Jo 1 1 0 1 | 253
o o o 1|1 1 1 1 o | 254
0o 0 1 0 2 \! 1 1 1| 255 Y,
0 0 1 1 | 3/NORMAL OPERATION
o 1 o o |a
o 1 o 1 |s
0o 1 1 0 |6
0o 1 11 |7
1 0 o o |s
. J
Figure 8. Register 11 (ADF4355-2, ADF4355 and ADF5355)
4 )
CONTROL
RESERVED VCO CORE VCO BIAS VCO BAND BITS
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o 1 o o | cores 0 0 o1t
i1 o o o |corEA ) | | e
A . . . . .
/B4 B3 B2 Bl | VCOBIAS N\ 1 1 0 o | 252
o o o o0 Jo 1 1 0 1 | 253
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Figure 9. Register 11 (ADF4355-3)
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Figure 10. Register 11 (ADF4356 and ADF5356)
Table 1. Read Timing
Parameter Limit at Tmin to Tmax Unit Description
t 15 ns min LE high to CLK high
t2 15 ns max CLK high to DATA ready
ts 25 ns min CLK high duration
ta 25 ns min CLK low duration
ts 10 ns min CLK high to LE low (next write)
ty t3 ty
~—]
CLK ' {
t2
b)Y
¢
MUXOUT X DB11 DB2 DB1 DBO
))
14}
LE ( \

NOTES

1. KEEP LE HIGH DURING READBACK.

2. X=DON'T CARE.
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Figure 11. Read Timing Diagram
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