HT9286

Universal Dual-PLL Frequency Synthesizer

Features

* 16-bit programmable local oscillator divider

* 14-bit programmable reference-frequency
divider

¢ 1.5MHz to 55MHz local oscillator frequency

* 320Hz to 640kHz reference frequency using
a 10.240MHz crystal

¢ Dual charge pump for rapid PLL locking

Application
¢ Cordless Phone System

General Description

The HT9286 is universal dual-PLL frequency
synthesizer for use in cordless phone applica-
tion and satellite broadcast tuner in U.S.A. The
HT9286 has two PLLs with a 16-bit program-
mable divider to generate a 1.5MHz to 55MHz
local oscillator frequency.

The device contains a phase detector and a dual
charge pump for rapid PLL locking. It also has
an unlock indication output and an uncommit-
ted output under external control.

Pin Assignment

xidl ~ 2afx2
CE2 23 [J PDB2
cLg3 22 [ PDB1

DIC4 213 AR
DBO5 20[J AOB
DACO® 19 OUTB

NCO7 18[@ANC
TEST []8 17 @ VDD

PDA2L]? 16 [ PIB

PDA1LC] 10 15[ VSS

AIAC 11 14 PIA
AOCA 12 13 [ OUTA

HT9286
— 24 SDIP

PLL unlock indicator

LPF transistor

C2B serial interface

Operating voltage range: 2.0V~3.0V
Standby mode for power saving
Standard 24-pin SDIP package

* Satellite Broadcast Tuners

The PLLs share 14-bit divider to generate a
320Hz to 640kHz reference frequency using a
10.240MHz crystal.

The HT9286 can be controlled from an external
microcontroller using a C2B serial interface.

Other features include a standby mode for
power saving and standard 24-pin SDIP pack-
age.
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Pin Description

Pin No. | Pin Name | VO Function Description
1 X1 I Crystal oscillator input.
The enable pin controls the data transfer from the shift register to
2 CE 1
the latch.
The clock input pin to control the data input of C?B serial interface.
3 CL I Each low to high transition of the clock shifts one bit data into the
shift register.
4 DI I The serial input data pin
PLLB unlock detector output. When
5 LDB O |LDB: “High”, PLLB in lock state.
LDB: “Low”, PLLB in unlock state.
PLLA unlock detector output. When
6 LDA O |LDA: “High”, PLLA in lock state.
LDA: “Low”, PLLA in unlock state.
7 NC — | No connection.
Test input. When
8 TEST I |Test: “Low”, Normal mode operation.
Test: “High”, Test mode operation.
9 PDA2 O | PLLA phase detector secondary output.
10 PDA1 O | PLLA phase detector main output.
11 ATA I LPF transistor A input.
12 AOA O | LPF transistor A output.
13 OUTA O | committed output A.
14 PIA I PLLA local oscillator input.
The output signal from VCO circuit can be A.C. coupled to this pin.
15 VSS — | Ground
16 PIB 1 PLLB local oscillator input.
The output signal from VCO circuit can be A.C. coupled to this pin.
17 VDD — | Power supply
18 NC — | No connection.
19 OUTB O | Uncommitted output B.
20 AOB O | LPF transistor B output.
21 AIB I | LPF transistor B input.
22 PDB1 O | PLLB phase detector main output.
23 PDB2 O | PLLB phase detector secondary output.
24 X2 O | Crystal oscillator output.
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Absolute Maximum Ratings
Supply voltage range .........coooee e er e e ae e s
Power disSipation...........cciuiiiiiiiiieiiiieiieeieeeeeee e eeee et eenennennnnnnne
Operating temperature range...........cccceeeeeeeieerieieeeeeeeeeieeeeeeeeieeees
Storage temperature range...........occeeeieeeicieieee it
CE, CL, DI, ATA and AIB input voltage range.........ccccceeeeereneneen.
XIN, PIA, PIB and TEST input voltage range .........cccoceeeeeuneneen.
LDA, LDB, OUTA and OUTB output current range....
AOA and AOB output current range ...........ccoeeeeeveereieiieieceieee e ceeeeeee
LDA and LDB output voltage range ........cccocueeeeeeeiinieieiiciniiiieeeeeees
AOA, AOB, OUTA and OUTB output volatge range.............cccceeueeenn.
PDA1, PDA2, PDB1, PDB2 and X2 output voltage range.......... —0.3V to Vpp+0.3V
Recommended Operating Conditions
Supply voltage.........ceeveeeeeeeiieeiieeieeeeeeeeeenn . 3V Supply voltage range...................... 2.0V to 3.3V
D.C. Characteristics (Vpp=2.0 to 3.3V, Ta=—40 to 85°C)
Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
Vpbp Condition
2V Note (1) — 3 8
3.3V | Note (1 — 7 14
IpDp Supply current ote (1) mA
2V Note (2) — 1.5 4.5
3.3V | Note (2) — 3.9 8
CE, CL and DI low-level | 2V — 0 — 0.4
ViLt : \Y
input voltage 3.3V — 0 — 0.6
igh- 2V — 15 — 5.5
ViH1 CE, QL, and DI high v
level input voltage 3.3V _ 1.7 _ 55
PDA1 and PDBI1 low-
Vor1 level output voltage o To=1mA o o 1 v
PDA2 and PDB2 low-
Vorz level output voltage T To=2mA o o 1 v
OUTA, OUTB, LDA and
VoLs LDB low-level output| — TIo=2mA 0 — 1 A%
voltage
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Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VbpD Condition
10=0.5mA,
0 — 0.5
AOA and AOB low-level Vaia=Vam=1.2V
Vors4 — A%
output voltage Io=1mA.
’ 0 — 0.5
Vara=Vamp=1.3V
PDA1 and PDB1 high- _
Vor1 level output voltage T To=1mA Vop-1| — _ v
PDA2 and PDB2 high- _
Vonz level output voltage T To=2mA Vop-1| — _ v
Vo1 LDA and LDB output . o 0 . 55 v
voltage
AOA, AOB, OUTA and
Vo2 OUTB output voltage o o 0 _ 13 v
CE, CL and DI low-level _
Ty input current ﬁ Vi=ov - - 5 nA
IiLe X1 low-level input 3.3V | Vi=0V 2 — 6.5 pA
current
Tis PIA and PIB low-level 3.3V | Vi=ov 35 . 10 uA
input current
ATJA and AIB low-level
T4 input current T Vi=ov o 0.01 10 nA
Tiis TEST low-level input 3.3V | Vi=ov o o 5 HA
current
Tt CE, CL and DI high-level| V=55V . . 5 uA
input current
TiHo X1 hihg-level input 3.3V | Vi=3.3v 9 . 6.5 HA
current
Tins ?IA and PIB high-level 3.3V | Vi=3.3V 35 . 10 uA
input current
AIA and AIB high-level . 0.01 10 HA
input current
IrH4 TEST hishlovel 3.3V | Vi=3.3V
igh-level input . .
current 120 nA
LDA and LDB output _
IDFFL leakage current T Vo=5.5V T o 5 uA
PDA1, PDB1, PDA2 and
Iprre PDB2 output leakage — Vo=0V or 3.3V — 0.01 10 pA
current
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Test Condition
Symbol Parameter Min. | Typ. | Max. | Unit
VbpD Condition
fi1 X1 input frequency — Capacitively 1 — 13 MHz
coupled sin wave
Capacitively
coupled sin wave 15 — 23
i FA=FB=0
£ PIA 1z%nddPIB input . MHz
amplitude Capacitively
coupled sin wave 20 — 55
FA=FB=1
. . Capacitively
Vi X1 input amplitude — . 200 — 600 mV
coupled sin wave
Vig PIA gnd PIB input o Capac1t1Yely 100 . 600 mV
amplitude coupled sin wave
CI<50,
fXTAL Crystal oscillator frequency| — CL<16pF 4 10.24 11 MHz
Note (3)
Rit X1 }nternal feedback 3.3V . o 1 . MO
resistor
PIA and PIB internal
Riz feedback resistor 8.3V T T 600 o kQ
Re TEST internal pull-down 3.3V . . 30 . kO
resistor
Cr X1, P]._A and PIB input 3.3V o o 25 . pF
capacitance
Notes:

(1) Dual PLL, both PLLA and PLLB operating, SB=0, fxTa1.=10.24MHz, Vpia=Vpig=100mV
at 55MHz, all other inputs=0V, all output open.

(2) Standby mode, PLLB stopped, SB=1, fxTa1=10.24MHz, VpiaA=100mV at 556MHz, all other
inputs=0V, all output open.

(3) Cl is the capacitive reactance and CL is the load capacitance.
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Serial Data Input Timing
->|TEH <&
i pliale
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e -bhsu?(— -b' Lfe e 5
-MHEt i Pltes i Pitc H
Dl
Latch )&
Symbol Parameter Condition Min. Max. Unit
10.24 MHz crystal 400 — ns
tsu Data setup time
Other crystal frequencies | 4/fxTAL — ns
10.24 MHz crystal 400 — ns
tHD Data hold time
Other crystal frequencies | 4/fxTAL — ns
10.24 MHz crystal 400 — ns
tEL Low-level chip enable time
Other crystal frequencies | 4/fxTAL — ns
10.24 MHz crystal 400 — ns
tEs Chip enable setup time
Other crystal frequencies | 4/fxrAL — ns
10.24 MHz crystal 400 — ns
tEH Chip enable hold time
Other crystal frequencies | 4/fxTAL — ns
10.24 MHz crystal 400 — ns
tcL Low-level clock pulse width
Other crystal frequencies | 4/fXxTAL - ns
10.24 MHz crystal 400 — ns
tcH High-level clock pulse width
Other crystal frequencies | 4/fXTAL — ns
10.24 MHz crystal — 400 ns
tLA Chip enable to data latch time
Other crystal frequencies — 4/fXTAL ns
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Function Description

PLLA and PLLB programmable dividers

The divider ratios of PLLA and PLLB are set by
Mode 1 command Na bits DAO to DA15 and Np
bits DBO to DB15 respectively.

Programmable reference divider

The divider ratio NR is set by Mode 2 command
bits RO to R13. The reference frequency is given

by fxTaL/2 x NR.

Phase detector

The phase-detector output states as a function
of the divider ratio and reference frequency is
shown is table 1.

Tablel. Phase-detector output states

Condition PDAI1, PDB1
fuN > fref High
fUN < fref Low
fuN = frer High impedance

Note: fi=from VCO output frequency
N=Na for PLLA and Ny for PLLB

Clock—W

Unlock

When PLLA is unlocked, LDA is pulled low and
both PDA1 and PDA2 are active, PLLB oper-
ates identically to PLLA.

Mode 2 command bits ULO and UL1 set the
unlock phase-error threshold and bits UEO and
UE1 are LDA and LDB output extensions.

Dual charge pump

Figure 1 shows a typical dual charge-pump cir-
cuit.

The phase-detector secondary output is active
after a change in frequency or the phase error
causes the PLL to unlock.

In this case, the load resistance R1 becomes
R1m // R1s decreasing the LPF time constant
and the time required to lock the PLL.

The phase-detector secondary output is high
impedance when the PLL is locked. In this case
R1 becomes R1lym increasing the LPF time con-
stant and improving sideband and modulation
response.

Unlock Detector Output

e Detectd

=

Do

fuco—|

Phase Detector
Secondary Output

Phase
Detectd

=

frer —— P

) Phase Detector
Main Output

VCC

» To VCO
Low Pass Filter
Voltage Output

Frigure 1. Dual charge-pump circuit
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Mode 1 command format and functions

The Mode 1 command comprises the data bits
which determine the PLLA and PLLB program-
mable divider ratios.

The command format is shown in figure 2. Bits
DAO to DA15 and DBO to DB15 determine the

PLLA and PLLB programmable divider ratios
respectively. Bit DAO is the first bit received.
The range of allowable divider ratios is N=256
(0100H) to 65535 (FFFFH).

CE

L

ctc_ rr.rrrrrrrrrrror1r.__rrririririri.

DI 1 X 0 X 0 X 1 XDAOXDAIXDAZXDAIX DB12 XDBRISXDBIAXDRIS>
AO Al A2 A3
Contrg] >
MODE1 Address Data
LSB MSB
D|D|D|D|D|D|D|D|ID|D|D|ID|D|ID|D|D|ID|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
Al AlA|ALAIALALA]IA]AlIAlA|A|AlA[A|B|B|B|B|B|B|B]B|B|B|B|B|B|B|B|B
ol112]314]5]6)7|8]2po]1 1 2i34p1s5(0]1]2]3]4]15]6]7]8]2[10]11]12]13]14]15
\

PLLA Programmalote
Divider RatioAN

PLLB Programma
Divider RatioaN

Figure 2. Mode 1 command (programmable divider data)

Mode 2 command format and functions

The Mode 2 command comprises the data bits
which determine the reference frequency di-

vider ratio and control functions.

The command format is shown in figure 3. Bit
RO is the first bit received.

CE

L

co__rrrrrrirrrrrrirrir . rrrrtrri.

DI <o X 1 X0 X 1 XROX R XR2XR3 X ) X100 X171 X112 >
AO Al A2 A3
Contrg »
MODE2 Address Data
LSB MSB
RIRIRIRIRIR|IRIR|R|IR|RIR|R|R O|F|F slujulululD|T]T|T
(o] NO) 0|o|0 Liclele
ol1]12]13]1415]6]718]2]10[11]12]13 B |A|B BjoJ1]of1]z]|o]1]2

Programmable Refereree
Frequency Divider Ratfio N

Test Select Bits
Dead-Zone Select Bi

Unlock Extension Select Bi

Phase error threshold select bits
Standby Mode Conftrol Bit

Frequency Range Select Bis

Uncommitted Output Select Bits

Figure 3. Mode 2 command(reference divider and control data)
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Bits RO to R13 determine the reference divider
ratio. The range of allowable divider ratios is

NRgr=8 (0008H) to 16383 (3FFFH).

Bits OA and OB are the uncommitted output
control bits. They are latched and then inverted
to control OUTA and OUTB respectively.

If either bit is “1”, the open-drain output is
pulled low.

Bits FA and FB are the input frequency range
select bits. The PIA and PIB frequency ranges
set by FA and FB respectively are shown in
table 2.

Table 2. Frequency ranges

FA, FB | Input frequency range | Unit
0 1.5t0 23 MHz
1 20 to 55 MHz

Table 3. Unlock detector thresholds

Bits SB is the standby mode control bit. When
SB=“1", standby mode is selected. In standby
mode, PLLB is stopped, PIB is pulled low and
PDB1, PDB2 are high impedance. When

SB=“0”, normal operation is selected.

Bits ULO and UL1 determine the unlock detec-
tion threshold. The PLL unlock detector output:
LDA or LDB is pulled low when the phase error
® between the reference and the divider in-
puts exceeds the threshold set by ULO and UL1.

The threshold for different crystal frequency is
shown in table 3 and the threshold for other
frequencies can be calculated.

The threshold is common to both PLLs. Note

that a PLL will temporarily lose lock when
either ULO or UL1 is changed. (refer Table 3)

- Example phase error thresholds (uS)
ULO | UL1 LDA, LDB
phase error threshold | fxTaL= fxTAL= fxTaL= fxTAL= fxTaL=
4MHz 7.2MHz SMHz |10.24MHz | 12.8MHz

0 0 0 0 0 0 0 0
1 0 + 4/fXTAL +1.00 +0.55 +0.05 +0.85 +0.31
0 1 + 16/fXTAL +4.00 +2.22 +2.00 +1.56 +1.20
1 1 + 64/fXTAL +16.00 +8.85 +8.00 +6.25 +5.00

Bits UEO and UE1 determine the unlock exten-
sion or delay, before the unlock-detector out-
puts, LDA and LDB can change state.

Table 4. LDA, LDB output extensions

The extension for different reference frequency
is shown in table 4. However if a phase-error
threshold of zero is set using ULO and UL1, no
output extension occurs.

UEo UEL LDA,LDB . Example output extensions (ms)
output extension fror=1kHz frer=5kHz frer=12.5kHz
0 0 4/frer 4.0 0.8 0.32
1 0 8/fref 8.0 1.6 0.64
0 1 32/fret 32.0 6.4 2.56
1 1 64/frer 64.0 12.8 5.12
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Bit DZ is the dead-zone selection bit. It selects
the phase-insensitive bandwidth or dead zone
of the phase comparator. When DZ=“1", DZB
mode is selected and when DZ=“0", DZA mode
is selected. DZB mode has a larger dead zone
than DZA mode.

Table 5. Test mode (TEST pin is pulled “high”)

Test mode

When TEST pin is “high”, this chip enter test
mode. We can select different test iterms by
determining TO, T1, T2 which shown in table 5.

Condition (command 2)

Test Iterms

To=T1=T2=0

The signal on OUTA has a frequency of fxTar/2.

T0=0, T1=1, T2=0

The signal on OUTA or OUTB has a frequency fxTar/N. N=Nr

To=1, T1=0, T2=0

The signal on OUTA or OUTB has a frequency fvco/N. N=Na or Np
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Application Circuit

Figure 4 shows a HT'9286 cordless phone appli-

cation circuit.

The telephone is tuned to channel 1, which has
a transmit VCO frequency of 46.610 MHz and a
receive VCO frequency of 38.975 MHz.

Y Fitter| 49.670 MH 15T ]10.695 MHz| 2ND|0.455 MHZz
RO RF MIX MIX >
A
46,610 MHz | 38.975 MHz
Filter vcol,
X 46,610 MHE RO L
TMx) | x 7BUF (Rx) ;;
VDD
oF le—,Vea \4 4
L (10 g
4 3
;}:7 VDD
MIC ] AMPFWA |¢ ﬁ -|- ‘r
N N — o o O QO o o < <
x [ R Z 0 |v— Z 0 g 9 & ls
DI ALING—— WA H o o < |3 > 2 3
HT9286
@ | I % < <
s8coslBBoEsdgd
717 VDD
VDD
Crystal
0 L3
10.240
MHz *——p
T T <
< Microcontroller
7T 7T <

Figure 4. Cordless phone 46/49 MHz base station
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We can follow HT9286 function description to _TxVCO 46.610 MHz
determine what serial data to satisfy cordless Ng = fref - 5 KHz = 9322 (2464H)
phone systm specifications. FXTAL  10.240 MHz
Solution: For frer = 5kHz, the divider ratios are Nr= 2% fre f: 2 X fref = 1024 (400H)
as follows.
The Mode 1 and Mode 2 commands are shown
Na= VCO (Bx) - 38.975 MHz = 7795 (LE73H) in table 6 and table 7 respectively and in figure
fref 5kHz 5 and figure 6 respectively.

Table 6. Mode 1 command

Field Value Command
DAO to DA15 1E73H PLLA divider ratio of 7795
DBO0 to DB15 246AH PLLB divider ratio of 9322
Rx < Tx »
D|D|D|D|D|ID|D|D|D|D|ID|D|D|D|D|D)D|D|D|D|D|D|D|D|ID|D|D|D|D|DD| D
Al Al Al A] Al Al Al Al AJAIA]AJAJA|A]lAlB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
ol112]3]4]15]16]7181210[11]12]113]114]15] 0] 1121314151678 2110111]12]13]14]15
11 o111 101 1 1 O OO 1 O MO 1 1 04O O0 1 O 1 O O
LSB 3 7 E 1 A 6 4 2 MsB
Figure 5. Mode 1 command
Table 7. Mode 2 command
Field Value Command
RO to R13 0400H Reference divider ratio of 1024
OA 0
OUTA and OUTB left open
OB 0
FA 1 20 to 55 MHz Rx VCO input frequency range
FB 1 20 to 55 MHz Tx VCO input frequency range
SB Oorl Standby mode selection
ULo, UL1 11 16.25 us lock/unlock detection threshold
UEo0, UE1 01 6.4 ms LDA and LDB output extension
DI 1 DZB dead-zone mode
To, T1, T2 000 Test mode
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RIRIRIRIR|IRIRIR|IRIRIR|RIR|R O|F|F S|UjujuluID|TT|T

o]0 0|ojo LILJE]E
0111231415161 718]2]110]11]12]13 B|A|B Bloj1]joji1jz]oj1(2
00 OGO O OQO O 1T OO O OGO O 1 WO O OG1T 1 O 11 O O O
LSB 0] 0 4 0 C o] B 1 MSB
Figure 6. Mode 2 command
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