Philips Semiconductors

Low-voltage frequency synthesizer

for radio telephones

FEATURES

o Low current from 3 V supply
Fully programmable RF divider
3-line serial interface bus

Independent fully programmable reference divider,
driven from external crystal oscillator

Dual phase detector outputs to allow fast frequency
switching

= Dual power-down modes.

APPLICATIONS

* 900 MHz mobile telephones
« Portable battery-powered radio equipment.

GENERAL DESCRIPTION

The UMA1017M BICMOS device integrates prescalers, a
programmable divider, and phase comparator to
implement a phase-locked foop. The device is designed to
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operate from 3 NiCd cells, in pocket phones, with low
current and nominal 5 V supplies.

The synthesizer operates at VCO input frequencies up to
1.2 GHz. The synthesizer has a fully programmable
reference divider. All divider ratios are supplied via a
3-wire serial programming bus.

Separate power and ground pins are provided to the
analog and digital circuits. The ground leads should be
externally short-circuited to prevent large currents flowing
across the die and thus causing damage. Vpp1 and Vppz
must also be at the same potential. Vcc may be higher
than Vpp i.e. Vpp = 3V and V¢ = 5 V for wider tuning
range.

The phase detector uses two charge pumps, one provides
normal loop feedback, while the other is only active during
fast mode to speed-up switching. All charge pump currents
(gain) are fixed by an external resistance at pin Iser

(pin 14). Only passive loop filters are used; the
charge-pumps function within a wide voltage compliance
range to improve the overall system performance.

QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vee: Vob supply voltage Vee 2 Vpp 2.7 - 5.5 \'
lec + Ipp supply current - 6.9 - mA
tcerps lpopp | current in power-down mode per supply - 12 - pA
fvco input frequency 50 - 1200 |MHz
fxraL crystal reference input frequency 3 - 40 MHz
frc phase comparator frequency - 200 - kHz
Tamb operating ambient temperature -30 - +85 °C
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
UMA1017M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm S0OT266-1
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Fig.1 Block diagram.
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PINNING
SYMBOL | PIN DESCRIPTION
FAST 1 | control input to speed-up main
synthesizer )
CPF 2 | speed-up charge-pump output FAST [I E LOCK
CP 3 | normal charge-pump output
Vopt 4 | digital power supply 1 cPF [2 19] DGND2
Vbp2 5 | digital power supply 2
ce [3 8] Vcc
RFI 6 |1 GHz RF divider input ZI
DGND1 7 | digital ground 1 Vbp1 [4 7] n.c.
f 8 |reference frequency input from
e crystal oscillaqtor yine VoD2 EUMA1 01 7M15__| AGND
PON 9 | power-on input rRFI 6| 5] n.c.
n.c. 10 [ not connected |
CLK 11 | serial clock input DGND1 [7] [14] IseT
DATA 12 |serial data input fxtaL (8 3] E
E 13 | programming bus enable input
(active LOW) PON [T] [12] pATA
IseT 14 | regulator pin to set the charge-pump 1
currents nc. [10] (11} cLk
n.c. 15 | not connected \ABOS
AGND 16 |analog ground
n.c. 17 | not connected
Vee 18 | supply for charge-pump
DGND2 19 |digital ground 2
LOCK 20 |in-lock detect output; test mode Fig.2 Pin configuration.
output
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FUNCTIONAL DESCRIPTION
General

Programmable reference and main dividers drive the
phase detector. Two charge pumps produce phase srror
current pulses for integration in an external loop filter. A
hardwired power-down input PON (pin 9) ensures that the
dividers and phase comparator circuits can be disabled.

The RFI input (pin 6) drives a pre-amplifier to provide the
clock to the first divider stage. The pre-amplifier has a high
input impedance, dominated by pin and pad capacitance.
The circuit operates with signal levels from 50 mV up to
300 mV (RMS), and at frequencies as high as 1.2 GHz.
The high frequency divider circuits use bipolar transistors,
slower bits are CMOS. Divide ratios (512 to 131071) allow
a 1 MHz phase comparison with the 500 MHz inputs, and
a 10 kHz phase comparison at 1.2 GHz RF.

The reference and main divider outputs are connected to
a phase/frequency detector that controls two charge
pumps. The two pumps have a common bias-setting
current that is set by an external resistance. The ratio
between currents in fast and normal operating modes can
be programmed via the 3-wire serial bus. The low current
pump remains active except in power-down. The high
current pump is enabled via the control input FAST (pin 1).
By appropriate connection to the loop filter, dual bandwidth
loops are provided: short time constant during frequency
switching (FAST mode) to speed-up channel changes and
tow bandwidth in the settled state (on-frequency) to
improve noise and breakthrough levels.

The synthesizer speed-up charge pump (CPF) is
controlled by the FAST input in synchronization with phase
detector operation in such a way that potential
disturbances are minimized. The dead zone (caused by
finite time taken to switch the current sources on or off} is
cancelled by feedback from the normal pump output to the
phase detector providing improved linearity.

An open drain transistor drives the output pin LOCK

(pin 20). It is recommended that the pull-up resistor from
this pin to Vpp is chosen 1o be of sufficient value to keep
the sink current in the LOW state to below 400 pA. The
output will be a current pulse with the duration of the
selected phase error. By appropriate external filtering and
threshold comparison an out-of-lock or an in-lock flag is
generated.

Serial programming bus

A simple 3-line unidirectional serial bus is used to program
the circuit. The 3 lines are DATA, CLK and E (enable). The
data sent to the device is loaded in bursts framed by E.
Programming clock edges and their appropriate data bits
are ignored until E goes active LOW. The programmed
information is loaded into the addressed latch when E
retums inactive HIGH. Only the last 21 bits serially clocked
into the device are retained within the programming
register. Additional leading bits are ignored, and no check
is made on the number of clock pulses. The fully static
CMOS design uses virtually no current when the bus is
inactive. It can always capture new programmed data
even during power-down.

However when the synthesizer is powered-on, the
presence of a TCXO signal is required at pin 8 (fxray) for
correct programming.

Data format

Data is entered with the most significant bit first. The
leading bits make up the data field, while the trailing four
bits are an address field. The UMA1017M uses 4 of the 16
available addresses. These are chosen to allow direct
compatibility with the UAA2072M integrated front-end. The
data format is shown in Table 1. The first entered bit is p1,
the last bit is p21.

The trailing address bits are decoded on the inactive edge
of E. This produces an intemal load pulse to store the data
in one of the addressed latches. To avoid erroneous
divider ratios, the pulse is not allowed during data reads by
the frequency dividers. This condition is guaranteed by
respecting a minimum E pulse width after data transter.
The corresponding relationship between data fields and
addresses is given in Table 2.

Power-down mode

The power-down signal can be either hardware (PON) or
software (sPON). The dividers are on when both PON and
sPON are at logic 1.

When the synthesizer is reactivated after power-down the
main and reference dividers are synchronized to avoid
possibility of random phase errors on power-up.
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Voo digital supply voltage -0.3 +5.5 \
Vee analog supply voltage -0.3 +5.5 \
AVee—-Vop difference in voltage between V¢ and Vpp -0.3 +5.5 v
Vn voltage at pins 1, 6, 8, 9, 11 to 14 and 20 -0.3 Vpp + 0.3 \'J
Va a3 voltage at pins 2 and 3 -0.3 Vee + 0.3 Y
AVanD difference in voltage between AGND and DGND (these |—-0.3 +0.3 \%
pins should be connected together)
Prot total power dissipation - 150 mw
Tstg storage temperature -55 +125 °C
Tamb operating ambient temperature -30 +85 °C
Ti maximum junction temperature - 95 °C
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, itis
desirable to take normal precautions appropriate to handling MOS devices.

THERMAL CHARACTERISTICS

SYMBOL PARAMETER VALUE UNIT
Rihj-a thermal resistance from junction to ambient in free air 120 Kw
B 711082L 0084342 94 WA 1503
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CHARACTERISTICS
All values refer to the typical measurement circuit of Fig.5; unless otherwise specified.
symBoL | PARAMETER conDimions | miN. | Ty | MAX. | UNIT
Supply; pins 4, 5 and 18
Vop digital supply voltage Vop1 = Vpp2 27 - 5.5 \Y
Vee analog supply voltage Vce 2 Vop 2.7 - 55 v
lop synthesizer digital supply current  |Vpp=5.5V - 6.5 8.5 mA
lcc charge pumps analog supply Vec=55V,; - 0.4 1.0 mA
current Rext =12 kQ2
lccpp. lopep | current in power-down mode per | logic levels 0 or Vpp - 12 50 pA
supply
RF main divider input; pin 6
fvco VCO input frequency 27V<Vpp<45V 50 - 1200 MHz
27V <Vpp<b5V 50 - 1100 MHz
Vég(rms) AC-coupled input signal level Rs =50 Q; 50 - 300 mV
(RMS value) 27V<Vpp<35V;
0.5 <fyco <1.2GHz
Rs=50Q; 100 - 300 mvV
27V <Vpp<55V;
0.5 <fyco < 1.1 GHz
R;=50Q; 150 - 300 mv
27V <Vpp<55V,;
50 < fyco < 500 MHz
2 input impedance (real part) fvco =1 GHz - 1 - kQ
C typical pin input capacitance indicative, not tested - 2 - pF
Rm main divider ratio 512 - 131071
frcmax maximum loop comparison - 2000 - kHz
frequency
tpcmin minimum loop comparison - 10 - kHz
frequency
Synthesizer reference divider input; pin 8
fxTAL input frequency range from crystal 3 - 40 MHz
Vg(rms) sinusoidal input signal level 5 MHz < fytaL < 40 MHz | 50 - 500 mV
(RMS value) 3 MHz < fyraL < 40 MHz | 100 - 500 mv
Z input impedance (real part) fxtaL = 30 MHz - 2 - kQ2
C typical pin input capacitance indicative, not tested - 2 - pF
R reference division ratio 8 - 2047
Charge pump current setting resistor input; pin 14
Rext external resistor from pin 14 to 12 - 60 kQ
ground
Via regulated voltage at pin 14 Rext = 12 kQ2 - 1.15 - Vv
MR 7l10a4<2L 00484343 4l WA 1504
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symsoL | PARAMETER |  conpimions | mn. | 1ve [ wmax | unir
Charge pump outputs; pins 3 and 2; Ry = 12 kQ
locp charge pump output current error -25 - +25 %
Imatch sink-to-source current matching Vep in range - +5 - %
Iep charge pump off leakage current | Ve, = %Vec -5 +1 +5 nA
Vep charge pump voltage compliance 0.4 - Vec-04 |V
Interface logic input signal levels; pins 13, 12, 11 and 1
ViH HIGH level input voltage 0.7Vpp |- Vop+0.3 |V
ViL LOW level input voltage -0.3 - 0.3Vpp \'
Ipias input bias current logic 1 or fogic 0 -5 - +5 LA
C input capacitance indicative, not tested - 2 - pF
Lock detect output signal; pin 20 (open-drain output)
VoL | LOW level output voltage [ lsink = 0.4 mA [- [- {oa Vv

M 711082 0084344 259 W 1505
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SERIAL BUS TIMING CHARACTERISTICS
Vpb = Ve = 3 V; Tamb = 25 °C unless otherwise specified.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Serial programming clock; CLK
t input rise time - 10 40 ns
1] input fall time - 10 40 ns
Tey clock period 100 - - ns
Enable programming; E
tSTART delay to rising clock edge 40 - - ns
tenp delay from last falling clock edge -20 - - ns
tw minimum inactive pulse width 20001 - - ns
tsuE enable set-up time to next clock edge 20 - - ns
Register serial input data; DATA
tsu;DAT input data to clock set-up time 20 - - ns
tHD;DAT input data to clock hold time 20 - - ns
Note

1. The minimum pulse width (tw) can be smaller than 2 ps provided all the following conditions are satisfied:

a) Main divider input frequency fy¢q > 5=
w

256

b) Reference dividers input frequency fya > {3— .
w

tSu;DAT tHD;DAT tg

.
Pu—— ~— - -— — - _.:.._

Tey

tEND

~—  —

tsuE

fo—m —4

4

DATA E MSB 4;%(7 X I Tss X apomess N\

ENABLE ;\ /4 _\‘-—
— — —
tSTART tw

MKABO2

Fig.3 Serial bus timing diagram.
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Fig.4 Typical application block diagram.
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Fig.5 Typical test and application diagram.
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