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LC7153, LC7153M

Universal Dual-PLL Frequency Synthesizers

Overview

The LC7153 and LC7153M are universal dual-PLL
frequency synthesizers for use in cordless telephone
applications in the USA, South Korea and Australia, and
satellite broadcast (uners in the USA and Europe.

The LC7153 and LC7153M both have two PLLs with a
16-bit programmable divider to generate a 1.5 to 160
MHz local-oscillator frequency, and a phase detector,
They also have a dual charge pump and fast lock-up
circuitry for rapid PLL locking when changing frequen-
¢y, an unlock indication output and an uncommiued
output under external control. The PLLs share a 14-bit
divider to generate a 320 Hz to 640 kHz reference
frequency using a 10.24 MHz crystal,

The LC7153 and LC7153M can be controlled from an
external microcontroller using a C®*B serial interface,
They also have a standby mode for single PLL opera-
tion.

The LC7153 and LC7153M operate froma4.0to 5.5V
supply. The LC7153 is available in 24-pin DIPs, and the
. LC7153M, in 24-pin MFPs.

Features

» Dual charge pump and fast lock-up circuitry for rapid
PLL locking

* PLL unlock indication

* 16-bit programmable local-oscillator divider

* L5 to 160 MHz local-oscillator frequency (Voo = 4.0
to 5.5 V)

* 14-bit programmable reference-frequency divider

« 320 Hz to 640 kHz reference frequency using a 10.24
MHz crystal

« LPF transistor

« C°B serial interface

* 40 1o 5.5 V supply

= 24-pin DIP (LC7153) and 24-pin MFP (LC7153M)
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Block Diagram
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Pin Functions
Number Name Function
1 XN Crystal oscitator input
2 CE Chip enable input
3 cL Clock input
4 bl Serial data input
5 DB PLLB unlock-datector output
] DA PLLA unlock-detector output
T CA Fast lock-up capacitor A connection
8 TEST Test input
9 PDA2 PLLA phase-detector secondary oulput
10 PDA1 PLLA phase-detector main output
1 AlA LPF transistor A input
12 AQA LPF transistor A outpul
13 OUTA Uncommitted output A
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Number Name Function

14 PIA PLLA local-oscillator input

15 V§s Ground

16 FiB PLLB local-oscillator input

17 VDD 5 V supply _

18 c8 Fast lock-uﬁ capacitor B connection

19 OUTE Uncommitted output B

20 ACB LPF transistor B output

21 AlB LPF transistor B input

2 PDB1 PLLB phase-detector main outpin

23 PDB2 PLLB phase-detector secondary output

24 XOouT Crystal oscillator output
Specifications

Absolute Maximum Ratings
T. =25 °C

Paramater Symbel Ratings Unlt
Supply voltage range Voo 03 10 70 \
CE, CL, DI, AlA and AIB input voltage range Vin 031070 v
XIN, PlA, PIB, CA, CB and TEST input voltage range iz 03 10 Vpp + 0.3 v
DA, DB, DUTA and DUTB output current ranga loy 0to3 mA
AOA and ACB output cumant range loz 0Ote 6 mA
CA and CB output current range loa 0101 mA
DA and [DB output voltage range Vo 0310 70 '
AOA, AOB, BUTA and OUTE output voltage ranga Voz —0.3 1o 150 v
53;2;; F:BD:Q.Z‘; PDB1, PDB2, CA, CB and XOUT output Vo 03 b Vop + 03 v
350 (LC7153)
Power dissipation Pp mW
240 (LCT153M)
Operating temperature range Topr —40 10 85 °C
Storage temperature range Tag —55 to 125 G
(Note) Pins P1A, PIB, CA and CB have a weaker electrostatic breakdown strenglh than the other pins.
Recommended Operating Conditions
T.=25"C
Parameter Symbol Ratings Unit
Supply voltage Voo 5 v
Supply voltage range Voo 40 10 55 v
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Electrical Characteristics
Voo =40 to 55V, Vs =0 V, T. = 40 to 85 *C unless otherwise noted

Ratings
Parameter Symbol Conditions Unit
: min typ max
Voo = 4.5 V,
I = 60 MHz. Seq note 1. - %0 180
Voo =55V,
i = 160 MHz. See nola 1. - 200 409
Supply current loo mA
Vop = 45 V,
fi = 60 MHz. See note 2. - 50 100
Voo = 55 V,
fi = 160 MHz. See note 2, h 110 20
Soﬁ{ag% and DI LOW-evel input Vi 0 _ 08 Y
Soli'ag and DI HIGH-eval input Vi 22 _ 55 v
50[?12;0&“ PDB1 LOW-level output Vour b =1 mA - _ 10 v
:gtg:eand PDB2 LOW-lavel output VoLz b = 2 mA _ _ 10 v
DA, I8, OUTA and OUTB ~
LOW-level output voltage Vous b=2mA °. - 10 v
o = 05 mA, 0 - 05
AOA end AOB LOW-leval output v Van = Vap = 12 V v
voltage ou
lo =1 mA, 0 - 05
Vaw = Vag =13 V ’
\I:’DDRJ:; Hs.nd PDB1 HIGH-level output Vous b=1mh Vop - 1 _ _ v
:o?tgzgemd PDB2 HIGH-lavel output Yorz b = 2 mA Voo — 1 _ _ v
[DA and TDB output voltage Voi 0 - 55 v
‘J’\OOHJ;,QQAOB, OUTA and OUTB output Vo 0 _ 13.0 v
CA and CB output vollage Voa 0 - Voo v
So?taaggd CB LOW-level threshold Vi _ _ 0.2V00 Y
301: a::;d CB HIGH-level threshold Vi 05Voo _ _ Y
SJEr'mSlL and DI LOW-lavel input Ly Vi=oV _ _ 5.0 pA
XIN LOW-level input current h2 Vi=0V, Vop =50V as - 11 pA
PIA and PIB LOW-level input current s Vi=0V, Vo =50V 6.0 - 18.0 pA
AlA and AlB LOW-lavel input current lia Vi=o Vv - o.m 10.0 nA
TEST LOW-leval input current liLs Vi=0V, Vop=50V - - 5.0 WA
g.JErlra:tL and DI HIGH-level input it V=55V _ B 50 A
XIN HiGH-level input current linz Vi=50V, Voo =50V as - 11.0 HA
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Ratings
Parametar Symbol Conditions Unit
min typ max
PIA and PIB HIGH-level input current kna Vi=60V, Vpp=50V 6.0 - 180 pA
AlA and AIB HIGH-level input current "1 Vi=50V - 0.01 10.0 nA
TEST HIGH-level Input curant hus Vi=50V, Vpp =560V - 160 - HA
DA and IDB output leakage current lorri Vo =55V - - 5.0 pA
ﬁfiaapfﬂanf DA2 and PDB2 output lofr2 Vo = 0 o 55 V - 001 100 nA
AOA, AOB, OUTA and DUTE output _
leakage current lores Vo =18V - B 50 kA
CA and CB output leakage curment lorra Vg =0 Vor Vg - - 100 nA
CA and CB source current Iy Vo=0V Vop=50YV -85 —-190 ~380 pA
E;T: ;ﬁ‘eﬁf mode D CA and CB Isziy Vo=30V Vpp=50V 3.5ks2) 4 Dlsyy 4 5lsapy HA
::1?: .I:?j?r‘e-ﬂf mode 1 CA and CB Isa(1) Vo=30V Vpp=50V 2.5ks23) 3.0lszy B.dlszp PA
Fast lockup mode 2 CA and C8 - Vo=30V, Vop =50V | 15kay | 20kem 2415209 WA
Fast ockup mode 3 CA end © sz Vo=30V, Vpp=50V 18 % 70 pA
. Capacitively coupled
XIN input frequancy fn sinzawavery upl 1 - 13 MHz
. Capacitively coupled
PIA and PIB input fraquency f2 sine wave. Vop = 5.0 V 15 - 160 MHz
. . Capacitively coupled
XIN rms Input amplitude Vin sine waye 100 - 800 my
PIA and PIB rms input ampitude Ve Capasitivaly cougled 70 - 800 mV
Crystal oscillator fraquency bxTaL Cl < 50 Q. See note 3. 40 10.24 130 MHz
XIN internal feedback resistor Rx Voo =50V - 0.7 - MQ
PIA and PIB internal feedback
rosistor Re Vop = 50 V - 430 - k2
TEST internal pull-down resistor Ry Voo =50 V - 30 - k2
XIN, PIA and PIB input capacitance G - 6.0 - pF
Notes

1. Dual PLL, both PLLA and PLLB operating, SB = 0, fxra. = 10.24 MHz, Vpia = Vg = 70 mV, all other inputs =
0 V, all outputs open

2. Standby mode, PLLB stopped, SB = 1, firaL = 10.24 MHz, Vma = 70 mV, all other inputs = 0 V, all outputs open

3. CI is the crystal impedance. Contact Nihon Denpa Kogyo for further information.
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Serlal Data Input Timing
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Latch
- Ratings
Parameter Symbol Conditions Unit
min max
10.24 MHz crystal 400 -
Data setup time tsy ns
Other crystal frequencies AfxTaL -
10.24 MHz crystal 400 -
Data hold tme HD ns
Other crystal frequencies difxraL -
10.24 MHz crystal 400 -
LOW-levet chip enabls Bme teL ns
Other crystal frequancies AflxraL -
10.24 MHz crystal 400 -
Chip enable setup tima s ns
Other crystal frequencies AfxvaL -
10.24 MHz crystal 400 -
Chip enable hold time ten ng
Other crystal frequencies LY -
10.24 MHz crysial 400 -
LOW-lavel clock pulsewidth foL ns
Other crystal frequencies AfxraL -
. 10.24 MHz crystal 400 -
HIGH-level clock pufsewidth oK ns
Cther crystal frequencies AfxTaL -
] 10.24 MHz ciystal - 400
Chip enable to data lakch time T} ns
Othar ¢rystal frequencies - AfxraL

third parties.

M No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shalt
@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO, LTD,, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any

and all claims and litigation and all damages, cost and expenses associated with such use:
@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQO ELECTRIC CO., LTD, its affilates, subsidiaries and distributors or any of
thetr officers and employees jointly or severally.

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYO believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of inteflectual property rights or ather rights of
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Functional Description

PLLA and PLLB Programmable Dividers

PLLA and PLLB input frequency ranges are set by
Mode 2 command bits FA and FB, respectively. Their
divider ratios, Na and Nj, are set by Mode 1 command
bits DAQ to DA15 and DBO 1o DBIS5, respectively,

Programmable Reference Divider

The divider ratio, Ng, is set by Mode 2 command bits
RO to R13. The reference fequency is given by fxm/(2 X
Ng).

Phase Detector

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

Table 1. Phasa-detector output states

When PLLA is unlocked, LDA is pulled LOW and both
PDA1 and PDA2 are active. PLLB operates identically
to PLLA. Mode 2 command bits ULO and UL1 set the
unlock phase-error threshold, and bits UEQ and UE], the
LDA and LDB output extension.

Dual Charge Pump

A typical dual charge-pump configuration is shown in
figure 1. The phase-delector secondary output is aclive
after a change in frequency, and the phase error causes
the PLL to unlock. In this case, the load resistance R1
becomes RIMIR1S, decreasing the LPF time constant
and the time required to lock the PLL.

Condhtlon PDA1, PDB1
N > fiy HIGH
N < het LOW
N = fy HIGH impedance
Note .
N = Na for PLLA, and N for PLLB
CA,CB
bf:islflp = J_
lcF VDD
Clock LDA, CDB [
o dorocior ‘15 Unlock detoctr
> outpu
@?__':Da——lé
- PDA2, PDB2 s Phase detector
sacondary ouvtput
frgf D” I
o Phase E! PDAt, PDB1 R1M Phasa detector
delector I:J o main output

p Al AB ~ Vee
— c
3 A2 Rp
ACA
- QA ACB »Veo
IEV Lowpass flter
fransisior output

Figure 1. Dual charge-pump circuit

The phase-detector secondary output is high impedance
when the PLL is focked. In this case, R1 becomes R1M,

increasing the LPF time constant and improving
sideband and modulation response,
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Test Mode
TEST should be LOW or open for normal operation.

Serlal Input Data

Serial data should be input only after fxw has become
stable.

Mode 1 command format and functions

The Mode 1 command comprises the data bits which
determine the PLLA and PLLB programmable divider

ratios. The command format is shown in figure 2. Bits
DAO to DA1S5 and DB0 w DRI1S5 determine the PLLA
and PLLB programmable divider ratios, respectively. Bit
DAOQ is the first bit received. The range of allowable
divider ratios is N = 256 (0100H) 1o 65535 (FFFFH).
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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 divider ratio and con-

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

CE [

L

o wum

o/ o X v X o X v X ro X m X R X Re X oz X 0o X X 12\
T T - T
t AD Al A2 Al _ 1
:-—--—-——Moda data : Control data :
Isb \kﬁb
RIR|IR|(R|R|R]A|R|R|[RIR|R|[R|R{F|F|o]O|F|{FIH]IH[H]S]U yltujo|Tt|T17]|T7
L]|L 515|585 LIL|E]E
0j1]2[3f4 | 516l 7|B]|9|10]11]12]1a)lo]1 AjBjiAalBlA|lBIMIBlOol1]alr]z]lo]1]2
N : 4 e e W e WAV VAN /
Relerance divider ratio Fast Quiput Frequency Fast S8 Unlock detect  Dead Test
ock-up range lock-up 20ne
mode cantrol

Figure 3. Mode 2 command (reference divider and control data)

Bits RO to R13 determine the reference divider ratio.
The range of allowable divider ratios is Ng = 8 (0008H)
to 16383 (3FFFH).
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Bits FLO and FL 1 are the fast lock-up mode select bits.
The fast lock-up modes are shown in table 2, The higher
the mode number, the greater the expansion width of the
detected phase error signal.

Table 2. Fast lock-up mode

Lo FL1 Fast lock-up mods
0 0 0
1 0 1
0 1 2
1 1 3

Bits OA and OB are the uncommitied output control
bits, They are laiched 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 3.

Table 3. Frequency ranges

FA, FB Input frequency range Unit
0 15 10 400 MHz
1 35 to 160 MHz

Bits HSA, HSB and HSM are the fast lock-up control
bits. When HSA or HSB = 1, the fast lock-up circuits
for PLLA or PLLB, respectively, are ON. When HSA or
HSB = 0, the respective circuits are OFF, For use with
FM, the fast lock-up circuits should be OFF. HSM
determines the fast lock-up operating mode. When HSM
= 0, operating mode 0 is selected and the fast lock-up

Table 4. Unlock delector thresholds

only operates when the PLLs are unlocked. When HSM
= 1, operating mode 1 is selected and the fast lock-up

operates normally, as shown in figure 4.

Phase arror ,E) I | | | I | | I I

— Expansion ——F8— e

,_
[w]
>
I
@

Cpearating mode 0
o ~—— Fast jock-up operating e

rating mode 1 )
Ope 9 Fast lock-up oparating

Figure 4. Fast lock-up operating modes

Bit 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 and PDB2 are
high impedance. When SB = 0, normal operation is
selected.

Bits ULO and UL1 determine the unlock detection
threshold. The PLL unlock detector output, LDA or
LDB, is pulled LOW when the phase differential bet-
ween the reference and the divider inputs exceeds the
threshold set by ULO and ULL. The threshold for dif-
ferent crystal frequencies is shown in table 4, 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.

UL " [DA, (DB phase Example phase error thresholds (us)
orror Whreshold | ¢\ = AMHz | faw =72 MHz | v =8 MHz | fow = 1024 MHz | hon = 128 MHz
0 0 0 0 0 0 0 0
1 0 4 +1.00 0.5 1050 +0.39 1031
0 1 +16/n +4,00 222 £200 156 +1.20
1 i 64/ £16.00 18,89 800 16.25 15,00

Bits UEO and UE1 determine the unlock extension, or
delay, before the unlock detector outputs, LDA and
LDB, can change state, The extension for different

Table 5. LDA, LDE output extension

reference frequencies is shown in table 5. However, if a
phase-error threshold of zero is set using ULO and ULLI,
no output extension occurs.

UED UEY (DA, DB output Example output extenslons {ms)
extension et = 1 kHz et = 5 kHz fyr = 125 kHz
0 0 W 40 {yp) 0.8 0.32
1 0 Bt 8.0 16 0.64
0 1 32l 320 64 {typ) 256
1 1 64/l 840 128 5.12 (yp)
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Bit DZ is the dead-zone selection bit. It selects the Bits TO, T1 and T2 are test bits. They should be set to 0
phase-insensitive bandwidth, or dead zone, of the phase for normal operation.

comparator, When DZ = 1, DZB mode is selected, and

when DZ = 0, DZA mode. DZB mode has a larger dead

zone than DZA mode.

Typical Application

A LC7153 or LC7153M cordless telephone application 46,610 MHz and a receive VCO frequency of 38.975
circuit is shown in figure 5. The telephone is tuned to MHz,
channel 1, which has a transmit VCO frequency of

v ! s ln 2nd IF
49.670 MHx | -ﬂ:ﬁ 0.605 MHz m 455 kHz
[ I T\MIX MiX
1 LABG0EM or another
+ cordless telephone
! 38.975 MKz signal processor
™ 4BE0MHZ e
vCO ’T_’

Veo

it
1t

Voo

i J’

o |8 c:- @ h
e 1B [2 |2 {2 |Z13
EEl[elermelnsle
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Llefellalts]le LTt e

z |w < |«
= |© g g (¢ E < |9
Ve Voo
]
1024MHz | o ]
crystal [
M
= = -3 r
o o

-+ Microconireller

Figure 5. American 10-channel, 46/49 MHz, cordless lelephone base station

For for = 5 kHz, the divider ratios are as follows.

_fi _RX VCO _ 38975 MHz _

Na= = = "5y = 7795 (IET3H)
_ fis _ TX VCO _ 46.610 MHz _

No = == = =g = 9322 (2464H)

_  Ixmv  _ 10.24 MHz
MR~ T =~ 2% S Tz

= 1024 (400H)
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The Mode 1 and Mode 2 commands are shown in tables
6 and 7, respectively, and in figures 6 and 7, respective-

ly.
Table 6. Mode 1 command
Field Value Comment
DAO to DA1S 1E73H PLLA divider ratio of 7795
DBO o DB1S R468H PUB dividar ratio of 9322
pfo|jofp|ojo|o|ofo|o{p|p|Do]o|o|o]Jo|o]ofo]o[o[D]o[o]ofofolo]ejo]D
Alalatalalalalalalaralalalajalale|e|s|(e|ls|e]e|s]ls|(s|(a|(sle|le|{s|e
oflv)2|ala]sef?[s]alw/n|we]nfu|islolrjeialals|e|l7]|n]s]|10lnn]iz]1alia}is
E11ooi111050111iloooio1o1i011oioo1uio1ooE
! ! ' ! ! ! ! ! r
Figure 6. Mode 1 command
Table 7. Mode 2 command
Field Value Corament
RO to R13 0400H Relerence divider ratio of 1024
FLO, FL1 w Fast lock-up mode 0
OA 0 — S
OUTA and QUTB left open.
OB 0
FA 1 20 10 55 MHz RX VCO input frequency range
FB 1 20 to 55 MHz TX VCOC input frequency range
HSA, HSB 00 PLLA and PLLB fast lock-up OFF
HSM 0 Fast lock-up operating mode 0O
5B 0ori Standby mode selection
uLo, Ut 1 16.25 ps lock/unlock datection threshold
LED, UE1 o1 6.4 ms (DA and (DB output extension
DZ 1 DZB dead-zone ‘mode
To, T4, T2 000 Test mode deselected
RIR{R{R|RIR]A[{A[R|[R[R{A[R[R]F[FJOJC]F[F[A|H[H[SJUJUJUJuUJO]T]T]T
L 5(s|s L|L]|E]|E
oj1)2)afa]s|seiz{elgjrotn2|nafolr]|afplatelaleim|Bfol1]lo]|lr]z]oli1]2
ooEoooooo1o o111 0 1Y 0 o0 o

(-]
[+
o
o
[~
Q
-
(=]
(=]
L=]

Figure 7. Mode 2 command
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