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Abstract

The UBA1710M is a monolithic silicon modulator for transmission GSM/DCS/PCS applications.

This report contains a description of the device and the mode of operation in association with a GaAs
power amplifier .
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Summary

This report is intended to provide support for designing the power control in use for GSM/DCS/PCS applications
with GaAs power amplifier.

It contains a general description of the circuit as well as a more in-depth analyse of the different blocks
implemented in the controller .

An application example of the UBA1710M is given by means of the board description for testing the
performances.

Some additional informations concerning the optimisation of the modulator when this one is used under
GSM/DCS/PCS standards are also available in this document .
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1. INTRODUCTION

This note describes the application of monolithic silicon devices in plastic SMD packages for DCS/PCS power

control of GaAs amplifiers.

Their main features are:

-low cost

-100% SMD

-high performance

-low Rdson for the MOS switches

-Negative voltage on board

-Power management and idle mode

-Wide bandwidth for the feedback loop amplifier
-4.8 V operation

2. PINNING

The pinning is shown in Fig.1.

SYMBOL PIN DESCRIPTION D1B 16 power MOS 1 drain B
NC3P 1 charge pump tank capacitor S2 17 power MOS 2 source
NC3N 2 charge pump tank capacitor D2 18 power MOS 2 drain
VN 3 negative bias voltage Rext 19 external resistor for VN
Vce 4 analog. supply voltage STB 20 stand by input (active high)
GND 5 ground
TCIN 6 charge pump tank capacitor (1] NC3p STB/| 20
vdd 7 digital supply voltage [2]ncan Rext| 19
TC1P 8 charge pump tank capacitor 3w D2 18

9= PEE : [4]vee s2 17
TC2N 9 charge pump tank capacitor (5 GND D1 16
TC2P 10 charge pump tank capacitor (6 ]TC1n D1Al 15
Vp 11 positive tripler voltage 7] vad s18 14
. 8 13
BUFI 12 buffer input 8 TC1p s1A/13
1A 12 MOS 1 A [9] Tcan BUF| 12
ower source
b [10 1c2p vp| 1]
S1B 14 power MOS 1 source B
D1A 15 power MOS 1 drain A

Fig. 1 Pin configuration
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3. CIRCUIT DESCRIPTION

3.1 General block diagram

As described in fig.2. the controller has a built in double power MOS to switch on and off the drain voltages
applied to the power amplifier in order to control the power level of the transmit path .

These MOS power devices can be connected in parallel or separately to the power amplifier output and driver
stages drain circuits .

As we use N MOS transistors for switching , a buffer is used to drive these ones . The buffer output voltage
capability is much higher than the battery voltage in order to saturate and turn on the power MOS at the rated
maximum output power level with minimum insertion losses .

A voltage tripler is used to supply the buffer . This voltage converter is necessary to allow high positive voltage
swing at the buffer output to drive the power MOS devices .

A negative voltage is also built in to bias the gates of the GaAs power amplifier . This negative voltage can be
adjust externally with a resistor . As the tripler voltage and the negative bias use charge pump circuits , an
internal clock/oscillator drives simultaneously these two blocks .

The power management block disables the input control ramp applied to the buffer as long as the negative bias
is not available .

Finally a stand by circuit can set the circuit in an idle mode when activated .

TCIN TCIP TC2N TC2P VP STB NC3N NC3P VN
O 0 0o 0O O O 0 0O
6 8 [o [10 [u [2 2 |1 |3
19
VOLTAGE TRIPLER - CLOCK —NEGATIVEBIAS | 195 Rext
16
DIB
15 | POWERMOS1
DIA POWER
" MANAGEMENT
S1B
13
S1A O
D2 18
17
s2 o
POWER MOS2 4 |7 |5 12
O O O
VCC VDD GND  BUFI

Fig. 2 General block diagram
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3.2 Voltage tripler circuit
The voltage tripler is described in fig.3.

The circuit works on the basis of charge pump circuits with transferred charges from a capacitor to an other one

In a first step , the switches S1 to S4 are closed ( while S5 to S7 are opened ) ,C1 is charged to Vbat .Then
switches S5 to S7 are closed ( S1 to S4 opened ) and C1 is discharged in C2 with an additional voltage Vbat
applied .The peak voltage across this capacitor is then 2*Vbat .

In a third step ,S1 to S4 are closed once more (with S5 to S7 opened ) and now C2 discharges in C3 with an
additional V bat applied to the previous peak voltage present across C2 (2*Vbat ). This new voltage appearing
across C3 is now 3*Vbat .

The group of switches are operated alternately through a switches control block as long as the Vtriple has not
reached the value given by the ratio : [[R1+R2)/R2 ]*Vbg .

Vbg is the band gap voltage applied to the non inverting port of the comparator .

When this voltage value is reached the output level of the comparator goes to zero ,disabling the switches
control and in turn stopping the capacitors charging/discharging process .

Theorically Vtriple is 3*Vbat , but practically the voltage is regulated at a constant level of 11.8V .

CLOCK &

SWITCHES CONTROL

| BAND GAP | ;

RCAE

6 40
COMPARATOR j: ‘ -T;— ST R2

Fig. 3 Voltage tripler
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3.3 Negative voltage

The negative voltage block diagram is given in fig.4.

As for the voltage tripler , the process in use is a charge pump circuit using diodes as switches .

At the starting point the negative voltage is zero and the voltage output level of the comparator is high ,
enabling the clock pulses to charge the capacitors C1 and C2 .

The voltage at the inverting port of the comparator is gradually pulled down as Vneg is decreasing toward
negative values .When the voltage become zero ,the output of the comparator goes to zero , and in turn the
pulses from the clock no longer charge the capacitors of the charge pump circuit and Vneg stabilises to a value
determined by the band gap voltage and the resistors bridge .

The value of Vneg is given by the formula : Vneg = -[R2*Rext/R1(R2+Rext)]Vbg with R2 = 60kQ ,R1 = 38.4kQ
and Vbg =1.28 V.

As we can see the negative voltage can be adjust by mean of the external resistor Rext , and the range lies
between -2 V for Rext = = and 0 V for Rext = 0Q .

BAND GAP

CLOCK
o
R1 m

R2 L_| REXT

COMPARATOR

"@ 9 NanD

riiiziij VNEG
L

D1

Fig. 4 Negative voltage circuit
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3.4 Power management

The schematic of the power management circuit is given in fig.5.

The aim of this circuit is to prevent any signal from being applied to the buffer as long as the negative voltage is
not at least -1V .

In fact this does not allow any drain voltage to be applied to the power amplifier if the negative voltage is not low
enough to prevent this one from excess of drain current .

For this purpose , a comparator in association with two MOS switches is used .

When the UBA1710M is turn on , Vneg is close to zero and a positive voltage is applied to the non inverting port
of the comparator .The output voltage level of this one is high and the MOS switches SW1 /SW2 are
respectively in off and on states .This situation prevent any control signal to be present at the buffer input .

When Vneg goes negative , the voltage at the comparator is pulled down and when this voltage is zero or less,
SW1 /SW2 are on and off ,enabling the control signal to switch on the drain voltage .

BUFFER INPUT

swi BAND GAP

BUFFER

SW2

MOS SWITCHES

Fig. 5 Power management

3.5 Shut down circuit
When the UBA1710M modulator is not operating (within the bursts for example), and to avoid any unnecessary
consumption ,the circuit can be set in an idle mode .

The circuit described in fig.6 ,comprises a MOS switch inserted between the battery and the rest of the
modulator .

When a positive voltage (+Vbat) is applied to the stand by pin ,the modulator is in an idle state while this one is
active with zero volt applied .

11
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T T T 108 i
‘ UBA1710M MOS Switch |
| ‘ 1r —1 Vhat
| ﬁI
MODULATOR
‘ ‘ V Standby
]
UBA Off(Idle mode)
Lt
UBA On(Active mode)

Fig. 6 Shut down circuit

3.6 Power MOS switch and buffer

In order to improve the bandwidth and the dynamic range of the association power MOS and buffer , a negative
feedback is introduced by means of two resistors .The block diagram is given in fig.7.

The feedback ratio ,equal to R2/(R1+R2) is sufficient to insure a 2 MHz bandwidth minimum with an input signal
ranging from 1.2 to 3.4 V .These values are important if the modulator has to be used in a control loop .

Vbat

Power MOS

' ° Buffer input

R1

R2
To PA

Fig. 7 Power switch and buffer

12
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3.7 Oscillator
The oscillator (clock) in use in the UBA1710M is a source coupled CMOS multivibrator. The schematic is given
in fig.8.

The oscillation frequency is 600 kHz and this one is given by the formula : F=I/(4*C*Vc) ,where | is the current
source value ,C the coupling capacitor value and Vc is the voltage across the capacitor .

Fig. 8 Oscillator

4. MODE OF OPERATION

The device must be operated under pulse conditions with a power MOS driving current capability not exceeding
2.5 A peak ( MOS1 and MOS2 connected in parallel ) with a maximum duty cycle of 10% and a pulse width of 1
mS .

13
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5. GENERAL CHARACTERISTICS

VDD=4.8V;Tamb=25°C; unless otherwise specified .

SYMBOL | PARAMETER | CONDITIONS | MIN | TYP | MAX | UNIT

Supplies

Icc=Idd peak supply current power-up mode; PA on - 12 - mA
power-down mode; PA off - 5 - mA

Istb standby current standby mode - 0.1 1 A

Power MOS1

Rdsonl | on resistance | Ids=1.3A | - | 0.18 | - | Q

Power MOS2

Rdson2 | on resistance | Ids=0.4A | - | 0.5 | - | Q

Clock circuit

felk | clock frequency | | - | 600 |- | kHz

Voltage tripler

Vpo output voltage with Ipo=2 mA 11.4 11.8 123 |V

Vr(p-p) amplitude ripple with Ipo=2 mA - 20 - mV

(peak-to-peak value) C1=C2=100 nF; Cp=100 nF

ton turn-on-time - 100 - uS

Negative DC/DC converter

Vno output voltage with Ino=250 YA; Rext=470kQ -1.5 -1.8 20 |V

Vr(p-p) amplitude ripple with Ino=250 pA, C3=100 nF; - 2 - mV

(peak-to-peak value) Cn=100 nF

ton turn-on-time - 280 - uS

MQOS buffer amplifier

Vil LOW level input voltage - 1.2 - V

Vih HIGH level input voltage - 3.4 - V

tsw switching time from 0 to 4.5 V - 1 - puS

14
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6. CIRCUIT DIAGRAM AND RECOMMENDATIONS FOR USE

6.1 Circuit diagram

With the circuit diagram given in fig.9 , we make use of a GaAs power amplifier for DCS/PCS applications as
active device to be controlled by the modulator UBA1710M .

Yot Idle
N e AR e STBEJ— Rex=470K
B e €Y Rext [
R |35 vn &) 2 (18-
{4 | vee ~ s2[T——
. oo ™ mw[E
110007 r‘ & e Z: WS
e n
CdckB20F Cad=100uF i L S R 1
p;; ; L 2 B ~a CONTRQL NPUT
S I
e i i Vet ———7
P2 2R ;E i ; _—
48] [r; 4] [45) [44] |43]
;:EEGW%%%%EQ 88 &8 oo
z]ao O
3] oo
& | GND
tr— 5w
” rosCGY2021G
PA GUH]L[I‘ l RFO/VOD4
220F RFO/VIDH
D |
a0 g8 PA inpuf
g
S
cgogogSd
GWEEEEEEEEEEE
7374'5T61778'\92Q272 23] |24]
100 mm
12pF
opF i :|LW_ 100nF
¢2pF e
10& Ghm
DETECT
>

Fig. 9 Circuit diagram
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6.2 Recommendations for use

When the modulator is associated with power amplifier for DCS/PCS applications , we know that the standards
in use are rather difficult to fulfil ; this is particularly critical for the time and frequency masks .

Some attention must be paid with the decoupling and filtering around the UBA1710M to avoid any unwanted
spurious , or noise to be amplified by the transmit path . For that reason , when looking at the circuit diagram in
fig.9 ,low and high frequency decouplings are used at Vgs and Vcc (pin 7 and 4 ) locations as close as possible
to the circuit connection . The values of these capacitors are 100 pF and 8.2 pF .

An other important decoupling is the 2.2 uF connected at the terminal pin of the voltage tripler ( pin 11) . The
third important filtering is the 1 pH inductor inserted between the source pins ( pin 17,14,13 ) and the drains of
the power amplifier first three stages .

All other capacitors used around the circuit for the charge pump are 100 nF .

7. PRINTED CIRCUIT BOARD LAYOUT-LIST OF COMPONENTS

7.1 Circuit layout.

The demoboard layout using the layout describes in fig. 7 is not optimised for noise and spurious ,but the aim of
it is to demonstrate the dynamic behaviour of the modulator UBA1710M in association with a power amplifier
CGY2021G.

The characteristics of the substrate in use for the PCB are as follows:

-substrate type:FR4 double clad

-Relative permetivity:er=4.7

-Thickness:H=0.8mm

-Size:35x42mm

16
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TXIN

VSR
Va2
IBIAS
Vsi

DCS 1@

b‘dabm
w
EG-T-Q

GControl

Fig. 10 Circuit layout
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7.2 Part list DCS power amplifier with UBA1710

CAPACITORS (Size:0603)

RESISTORS (Size:0603)

VALUE NUMBER VALUE NUMBER
1.5 pF 2 47 Q 1
1.8pF 1 820 1
2.2pF 2 1kQ 2
3.9 pF 1 220kQ 1
6.8 pF 3
10 pF 3
22 pF 1 ACTIVE COMPONENTS
100 pF 1 CGY2021G 1

1nF 2 UBA1710M 1
10 nF 2 HMS2825 1
100 nF 9

18
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8. ELECTRICAL CHARACTERISTICS

8.1 Control curve

The control curve is the one given for the association of a power and the modulator .The output power of the
amplifier is plotted versus the control voltage applied to the modulator buffer input (see fig.11 ).

12 14 16 18 2 22 24 26 28 3 32
Veontrol(v)

Fig. 11 Control curve

8.2 Turn-on time (tripler and negative voltage )

The turn-on time is the delay that the voltages take to establish to the nominal values when the modulator is
switched on .This is an important parameter as the modulator is periodically shut down to the idle mode in order
to reduce the overall consumption .These parameters are plotted in fig.12 and fig.13 .

Viriple(V)

t(us)

Fig. 12 Tripler turn-on time
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-0.2

0.4

-0.6

-0.8

Vneg(V)
=

-1.2

-1.4

-1.6

-1.8

L(TS)]

Fig. 13 Negative voltage turn-on time

8.3 Rdson versus Vcc ( power MOS switches )

Rdson is also an important parameter as its value will influences the overall efficiency of the association
modulator/power amplifier at the rated maximum power output level .

A plot of Rdson versus the voltage applied to the drain is shown in fig.14 and fig.15 for both MOS1 and MOS2 .

1600

1400

1200

1000

800

600

Rdson(Ohm) MOS1

400

200

Vee(V)

Fig. 14 MOS1 Rdson

20



Philips Semiconductors

UBA1710M modulator for GSM/DCS/PCS amplifiers Application Note

4000

3500

3000

2500

2000

1500

Rdson(Ohm) MOS2

1000

Vee(V)

Fig. 15 MOS2 Rdson

8.4 Buffer bandwidth

The buffer bandwidth is measured between the input of the buffer and the sources of the power MOS for a
given quiescent control voltage of 2.2 V .The result of this measurement is shown in fig.16 .

10

Gv(dB)
o

-10
0.01 0.1 1 10

F(MHz)

Fig. 16 Buffer bandwidth
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8.5 Switching time /settling time

The switching time or settling time is characterised in terms of rise and fall times at the output port of a power
amplifier using a UBA1710M as modulator .The rise/fall times are plotted versus the power level at the output of

the amplifier (see fig.17 ) .

1000

—e—Trise
—=—Tfall

////

N

Tr/Tf(nS)
S
o

10 T
15 17 19 21 23 25 27 29 31 33 35

Pout(dBm)

Fig. 17 Switching time/settling time
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