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Philips Semiconductors

Product specification

Low-voltage frequency synthesizer

for radio telephones

UMA1019M

FEATURES

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

¢ 2 GHz mobile telephones
+ Portable battery-powered radio equipment.

GENERAL DESCRIPTION

The UMA1018M BICMOS device integrates prescalers, a
programmable divider, and phase comparator to
implement a phase-locked loop.

The device is designed to operate from 3 NiCd cells, in
pocket phones, with low current and nominal 5 V supplies.

The synthesizer operates at RF input frequencies up to
2.4 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. Digital supplies
Vpbp1, Vppz and Vpps must also be at the same potential.
Ve must be equal to or greater than Vpp (i.e. Vpp=3V
and Vg =56 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 IggT

(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, Voo supply voltage Vee 2 Vpp 27 - 55 \
lcc + Ipp supply current - 9.4 - mA
lcerp, IboPp current in power-down mode per supply - 12 - pA
fyvco RF input frequency 1700 |1900 |2400 |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
UMA1019M SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1
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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 )
CpP 3 | normal charge-pump output FastT [T [20] LOCK
VbD1 4 | digital power supply 1 cPF [2] 191 Vobp3
Vbp2 5 |digital power supply 2
RFI 6 |2 GHz RF main divider input cP (3] 18] Vee
DGND1 7 | digital ground 1 VDD1 | 4 17 | n.c.
fxraL 8 | crystal frequency input from TCXO
V
POFF 9 | power-down input Doz [5] UMA101 gM‘E AGND
n.c. 10 | not connected RFI [ 6 | (5] n.c.
CLK 11 | programming bus clock input |
DATA 12 | programming bus data input DGND1 [7 [14] IseT
E 13 | programming bus enable input fxtaL [8] 3] E
(active LOW)
lseT 14 | regulator pin to set the charge-pump POFF [9 ] | 12] DATA
currents
e U1 1
n.c. 15 [ not connected nc. 0] [TT] cLK
AGND 16 |[analog ground KABS7
n.c. 17 | not connected
Vee 18 | supply for charge-pump
Vb3 19 | digital power supply 3
LOCK 20 |in-lock detect output; test mode Fig.2 Pin configuration.
output
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FUNCTIONAL DESCRIPTION
General

Programmabile reference and main dividers drive the
phase detector. Two charge pumps produce phase error
current pulses for integration in an external loop filter.

A hardwired power-down input POFF (pin 9) ensures that
the dividers and phase comparator circuits can be
disabled.

The RFl input (pin 8) 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 60 mV up to
180 mV (RMS), and at frequencies as high as 2.4 GHz.
The high frequency divider circuits use bipolar transistors,
slower bits are CMOS. Divide ratios (512 to 131 071) allow
a 2 MHz phase comparison frequency.

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
low bandwidth in the settled state (on-frequency) to reduce
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 thereby improving 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 to 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. The out-of-lock function can be disabled via the
serial programming bus.

1995 Jul 07
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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
returns 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 (fyya) 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 UMA1019M uses 4 of the 16
available addresses. 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 internal load pulse to store the data
in one of the addressed latches. To ensure that data is
correctly loaded on first power-up, E should be held LOW
and only taken HIGH after having programmed an
appropriate register. 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 transfer.

The corresponding retationship between data fields and
addresses is given in Table 2.

Power-down mode

The power-down signal can be either hardware (POFF) or
software (sPOFF). The dividers are on when both POFF
and sPOFF are at logic 0.

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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Philips Semiconductors Product specification
Low-voltage frequency synthesizer
. UMA1019M
for radio telephones
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 \
Ve analog supply voltage -0.3 +5.5 \
AVece-Vop difference in voltage between V¢ and Vpp -0.3 +5.5 Y
Vn voltage at pins 1, 6, 8,9, 11 to 14 and 20 -0.3 Vpp+03 |V
Va 3 voltage at pins 2 and 3 -0.3 Vec+03 |V
AVgND difference in voltage between AGND and DGND (these -0.3 +0.3 \
pins should be connected together)
Piot total power dissipation - 150 mwW
Tstg storage temperature -55 +125 °C
Tamb operating ambient temperature -30 +85 °C
T; maximum junction temperature - 95 °C
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is

desirable to take normal precautions appropriate to handling MOS devices.

THERMAL CHARACTERISTICS
SYMBOL PARAMETER VALUE UNIT
Rthj-a thermal resistance from junction to ambient in free air 120 Kw

1995 Jul 07
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CHARACTERISTICS
Vbob1 = Vbpz = Vppz =2.710 5.5 V; Vo = 2.7 10 5.5 V; Tamp = 25 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply; pins 4, 5 and 18
Vbop digital supply voltage Vpp1 = Vopz = Vopa 2.7 - 55 A
Vee analog supply voltage Vee 2 Vpp 27 - 55 Vv
lop synthesizer digital supply current |Vpp=5.5V - 9 12.5 mA
lee charge pumps analog supply Vec=5.5YV,; - 0.4 1.0 mA
current Rext =12 kQ
lccro, Ibopp | current in power-down mode per | logic levels 0 or Vpp - 12 50 HA
supply
RF main divider input; pin 6
fvco RF input frequency 1700 1900 2400 MHz
Vé(rms) AC-coupled input signal level Rs=50Q; 60 - 400 mV
(RMS value) 1.7 GHz < fyco < 2 GHz
R;=50Q; 60 - 180 mV
2 GHz < fyco <2.4 GHz
Z input impedance (real part) fvco =2 GHz - 300 - Q
C typical pin input capacitance indicative, not tested - 2 - pF
Rm main divider ratio 512 - 131071
fremax maximum phase comparator - 2000 - kHz
frequency
fecmin minimum phase comparator - 10 - kHz
frequency
Crystal reference divider input; pin 8
fxTAL crystal reference input frequency 5 - 40 MHz
Va(rms) sinusoidal input signal level Vgirms) < 224 mV 50 - 500 mV
(RMS value) Ve(me) > 224 mV 100 |- 500 mvV
Z input impedance (real part) fxtaL = 30 MHZz - 2 - kQ
C typical pin input capacitance indicative, not tested - 2 - pF
R, reference divider 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 kQ - 1.15 - \
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 - 15 - %
ILep charge pump off leakage current | Ve = Y%Vee -5 +1 +5 nA
Vep charge pump voltage compliance 04 Vec-04 |V
1995 Jul 07 8
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Low-voltage frequency synthesizer

: UMA1019M
for radio telephones
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Interface logic input signal levels; pins 13, 12, 11 and 1
Vi1 HIGH level input voltage 0.7Vpp |- Vob+0.3 |V
Vi LOW level input voltage -0.3 - 0.3Vpp Vv
lvias input bias current logic 1 or logic O -5 - +5 A
C input capacitance indicative, not tested - 2 - pF
Lock detect output signal; pin 20 (open-drain output)
VoL LOW level output voltage | bsink = 0.4 mA [- [- |0.4 v
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Low-voltage frequency synthesizer

. UMA1019M
for radio telephones
SERIAL BUS TIMING CHARACTERISTICS
Vpp = Vee = 3 V; Tamp = 25 °C unless otherwise specified.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Serial programming clock; CLK

t input rise time - 10 40 ns

% input fall time - 10 40 ns

Tey clock period 100 - - ns
Enable programming; E

{START delay to rising clock edge 40 - - ns

tenD delay from last falling clock edge -20 - - ns

tw minimum inactive pulse width 4000(M - - ns

tsuE enable set-up time to next clock edge 20 - - ns
Register serial input data; DATA

tsu.pAT input data to clock set-up time 20 - - ns
tHD:pAT input data to clock hold time 20 - - ns

Note
1. The minimum pulse width (tw) can be smaller than 4 us provided all the following conditions are satisfied:

a) Main divider input frequency fuco 512

> ——
tyy
L 3
b) Reference divider input frequency fyraL> -
W
tSu;DAT tHD DAT Tey tr tf tenp tsuE

o —un— —»!— ~——-n——-
H

—\F’\f‘\r”—\r—\f—\g‘
DATA A wse X 1 X //_X Ls8 X ADDRESS %\

- A
tSTART tw

MKABO2

Fig.3 Serial bus timing diagram.
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APPLICATION INFORMATION
transmit
data
power
amplifier PLL
SPLITTER veco LPF
tronsmit mixer
MAIN 3
DIVIDER —
COSE:E&TOR
Texo REF ERENCE
X DIVIDER [
~ e
‘f’i‘l‘t‘:‘:" UMA1019M
X
AN
X
low noise
amplifier
% '( g ) > % “_’{ % }-’ to demodulation MKABSS
1st mixer 2nd mixer
Fig.4 Typical application block diagram.
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positive posntwe
sUPply supply

:

Fig.5 Typical test and application diagram.

150 18 Qf] UMA1019M 120 O
4 20 posmve
values depend on application supply
— 2 1g——T 100
100 nF J;"F
= - 100 nf 3 18
/r}m_—| } 4 17—
control T
VCO RF o 1 nf 5 16 —T»Ln
RF out I |1 6 15—
LR i
ler 15 kN
1 8 13
iti 18 0 1 nF
iy 0 12
to first
mixer —110 11
10 kQ
fosc 1 k0 1 kal]
100 nF VTCXO ' 0
;mr GND Fﬁ'g;e
”Jm 0 MKABSS
3—line bus
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PACKAGE OUTLINE
SSOP20: plastic shrink small outline package; 20 leads; body width 4.4 mm SOT266-1
D > E {a]
_ T &
|
] ! |
pilainintainininininh c*_—,IJ e Lk/
0] | He = =@l
—»IZ
20 | 11
IHAHAAAAAN
| {
| T
- 4 _ - 2 A A
pin 1 index_!_ A d W (ha)
l . ¢
1 \9
| * — il‘ f
B EEREE -t
1 L | 10
[ detall X |
L gma Laeat ]
[e] p
(I) 2i5 5I mm
scale
DIMENSIONS (mm are the original dimensions)
unT | A LAy [ A2 [ A | by | e [DWTEM| e [ He | L || @ | v | w ]|y 2z e
015 | 1.4 032 | 020 | 66 | 4.5 6.6 0.75 | 0.65 048 | 10°
mm o RS T 12 | 925 020 | 013 | 64 | 43 | 085 | g2 | 10 | o45 | 045 | 02 [ 013 | 01 | gyg | oo
Note
1. Plastic or metal protrusions of 0.20 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAd PROJECTION ISSUE DATE
-90-04-05-
SOT266-1 E} @ 95-02-25
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SOLDERING
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “/C Package Databook” (order code 9398 652 90011).

Reflow soldering

Reflow soldering techniques are suitable for all SO and
SSOP packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

Wave soldering
SO

Wave soldering techniques can be used for all SO
packages if the following conditions are observed:

s A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technigue should be used.

* The longitudinal axis of the package footprint must be
parallel to the solder flow.

» The package footprint must incorporate solder thieves at
the downstream end.
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SSOP

Wave soldering is not recommended for SSOP packages.
This is because of the likelihood of solder bridging due to
closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

If wave soldering cannot be avoided, the following
conditions must be observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave)
soldering technique should be used.

* The longitudinal axis of the package footprint must
be parallel to the solder flow and must incorporate
solder thieves at the downstream end.

Even with these conditions, only consider wave
soldering SSOP packages that have a body width of
4.4 mm, that is SSOP16 (SOT369-1) or

SSOP20 (SOT266-1).

METHOD (SO AND SSOP)

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildiy-activated flux will eliminate the need for removal
of corrosive residues in most applications.

Repairing soldered joints

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.



