TEMIC

Semiconductors

U2894B

Modulation PLL for GSM, DCS and PCS Systems

Description

The U2894B is a monoalithic integrated circuit manu-
factured using TEMIC Semiconductors advanced
silicon bipolar UHF5S technology. The device integrates
a mixer, an 1/Q modulator, a phase-frequency detector
(PFD) with two synchronous programmable dividers, and
a charge pump. The U2894B is designed for cellular
phones such as GSM900, DCS1800, and PCS1900,
applying a transmitter architecture at which the VCO
operates at the TX output frequency. No duplexer is
needed since the out-of-band noise is very low. The

Features

Supply-voltage range 2.7 V t0 5.5V
Current consumption 50 mA
Power-down functions

High-speed PFD and charge pump (CP)
Small CP saturation voltages (0.5/0.6 V)
Programmable dividers and CP polarity

Low-current standby mode

Block Diagram

U2894B exhibits low power consumption. Broadband
operation provides high flexibility for multi-band fre-
guency mappings. The IC is available in a shrinked
small-outline 28-pin package (SSO28).

The U2893B offers the same functionality with other
divider ratios.

Electrostatic sensitive device.
Observe precautions for handling. AR\

Benefits

® Novel TX architecture saves filter costs
Extended battery operating time without duplexer
Less board space (few external components)
VCO control without voltage doubler

Small SS028 package

One device for all GSM bands
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Figure 1. Block diagram
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Ordering Information

Extended Type Number
U2894B-AFS
U2894B-AFSG3

Pin Description

Package
SS028
SS028

ngg

MDLO | 3
GND | 4
MDO | 5
NMDO | 6 |
vsi| 7]
VsP| 8|
CPO | 9
GNDP | 10
CPC |11
PUMIX |12

RD |13

NRD |14

28/ Q
27] NQ
26| vs3
25| MIxO
24] GND
23] NRF

22| RF

21 vs2

20] MIXLO

9] py

GND

ND

MC

B
7] D
6|
1]

Figure2. Pinning
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Remarks
Tube
Taped and reeled
Symbol Function
I In-phase baseband input
NI Complementary to |

MDLO  I/Q-modulator LO input
GND D  Negative supply
MDO I/Q-modulator output
NMDO  Complementary to MDO
VS13)  Positive supply (1/Q MOD)
V'SP Pos. supply charge pump
CPO Charge-pump output
GNDP2  Neg. supply charge pump
CPC Charge-pump current control
(input)
PUMIX  Power-up, mixer only
RD R-divider input
NRD Complementary to RD
MC Mode control
ND N-divider input
NND Complementary to ND
GND D  Negative supply
PU Power-up, whole chip except
mixer
MIXLO  Mixer LO input
VS23)  Positive supply (MISC.)
RF Mixer RF-input
NRF Complementary to RF
GND D  Negative supply
MIXO Mixer output
VS33)  Positive supply (mixer)
NQ Complementary to Q
Q Quad.-phase baseband input

All GND pins must be connected to GND
potential. No DC voltage between GND pins!

Max. voltage between GNDP and GND pins
< 200 mV

The maximum permissible voltage difference
between pinsVS1, VS2 and VS3is <200 mV.
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Absolute Maximum Ratings

Parameters
Supply voltage VS1, VS2, VS3
Supply voltage charge pump VSP
Voltage at any input
Current at any input / output pin
except CPC
CPC output currents
Ambient temperature
Storage temperature

Operating Range
Parameters

Supply voltage

Ambient temperature

Thermal Resistance

Parameters
Junction ambient SSO28

Electrical Characteristics
Tamb = 25°C, Vg =2.7t055V

Parameters Test Conditions/ Pin

DC supply

Supply voltages VS# Vvsi = Vvs = Vvss

Supply voltage VSP

Supply current lys; Active (Vpy =VS)
Standby (Vpy = 0)

Supply current lys Active (Vpy =VS)
Standby (Vpy = 0)

Supply current lys3 Active (Vpumix =VS)

Standby (Vpumix = 0)

Supply current Iysp D) Active

(Vpy = VS, CPC open)
Standby (Vpy = 0)
N & R divider inputsND, NND & RD, NRD

N:1 divider frequency 50-Q source
R:1 divider frequency 50-Q source

Input impedance Active & standby

Input sensitivity 50-Q2 source

Symbol
Vvsy
Vvsp
Vvig

[lig| |lo#l

| lcpe |
Tamb
ng

Symbol
Vys#, Vvsp
Tamb

Symbol
Rihaa

Symbol

Vvsu
Vysp

lvsia
lvsty
lvsoa
lvsoy
lvssa
lvssy
lvsra

lvspy

fND
frRD

ZRD, ZND
VRD, VND

Max.

55
55

23
20
22
20
17
30
18

20

600
600
2 pF

Value
< Vysp
55
-05 = Vys+05 = 55
2
5
—20to +85
—40 to +125
Value
27t055
—20to +85
Value
130
Min. Typ.
2.7
Vysy
-0.3
18
17
13
14
100
100
1kQ
20

200

1) Mean value measured with Fyp = 151 MHz, Frp = 150 MHz, current vs. time, figure 3.

Unit

mA

mA
°C
°C

Unit

°C

Unit
K/W

Unit

mA
uA
mA
uA
mA
uA
mA

uA

MHz
MHz

MVims
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Electrical Characteristics (continued)

Tamb = 25°C, Vg =2.7t055V

Parameters Test Conditions / Pin Symbol Min. Typ. Max. Unit
Phase-frequency detector (PFD)
PFD operation fnp =450 MHz, N =2 fPED 50 225 MHz
frp =450 MHz, R=2
Frequency comparison  fyp =600 MHz, N =2 feD 300 MHz
only 3 frp = 450 MHz, R=2
I/Q modulator baseband inputs|, NI & Q, NQ
DC voltage Referred to GND V|, VNI, Vg, VNG 1.35 VS1/2 VS1/2 \%
+0.1
MD_IQ Frequency range flo DC 1 MHz
AC voltage ¥ Referred to GND AC ACi, 200 mVpp
ACq,ACNo
Differential (preferres) ACp|,ACpg 400 mVpp
I/Q modulator LO input MDLO
MDLO Frequency range fmMDLO 50 450 MHz
Input impedance Active & standby ZMDLO 250 Q
Input level 50-Q source PvbLo -11 -8 -5 dBm
I/Q modulator outputs MDO, NMDO
DC current Vmpo, VNmpo = VS Impo, INMDO 24 mA
Voltage compliance Vmpo, Vnmpo =VC VCmpbo, VCnmvpo Vs—0.7 55 V
MDO output level 500 Q to VS PvmDO 120 150 MVyms
(differential)
Carrier suppression CSvipo -32 -35 dBc
Sideband suppression ) SSvipo -35 —40 dBc
IF spurious 5) fLox 3 X finod SPvpo -50 —45 dBc
Noise 9 @ 400 kHz off carrier Nmpo -115  dBc/Hz
Frequency range fmMpo 50 450 MHz
Mixer (900 MH2)
RF input level 900 MHz PORrE 23 =17 dBm
LO-spurious at @ P9viixLo =-10 dBm SPORE —40 dBm
RF/NRF port @ POrr =-15dBm
MIXLO input level 0.05to 2 GHz POviixLo 22 -12 dBm
MIXO (100-L2 load) Frequency range fmixo 50 450 MHz
Output level 6) @ P9viixLo =-15dBm POviixo 70 MVims
Carrier suppression @ P9viixLo =-15dBm CS9vixo -20 dBc
3 PFD can be used as a frequency comparator until 300 MHz for loop acquisition
4 Single-ended operation (complementary baseband input is AC-grounded) leads to reduced linearity
(degrading suppression of odd harmonics)
5) With typical drive levels at MDLO- & 1/Q-inputs
6) —1 dB compression point (CP-1)
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Electrical Characteristics (continued)
Tamb = 25°C, Vs=271t055V

Parameters Test Conditions/ Pin Symbol
Mixer (1900 MH2)
RF input level 0.5t0 2 GHz P19xg
LO-spurious at @ P19ixLo =-10dBm SP19rr
RF/NRF ports @ P19rr = -15dBm
MIXLO input level 0.05to0 2 GHz P19vixLo
MIXO (100 Q load)
Output level 6) @ P19yixLo =-17 dBm P19vixo
Carrier suppression @ P19yixLo =-17 dBm CS19vixo
Charge-pump output CPO (Vysp=5V; Vcpo =2.5V)
Pump-current pulse CPC open for DC | Icro |
Repc=22kQ 7 |lcro2|
Pcpc=680Q 7) [lcPo 4|
TK pump current Tk | lcpc|
Mismatch source/ sink  (Icpos — lcposo)/| cros) Micro
current lcPoso = lsoure
IcPosi = lsink
Sensivity to VSP Al gro AVSP Sicro
e/ AVER,
V cpo Voltage range Vcro
Charge-pump control input CPC
Compensation capacitor Ccrc
Short-circuit current 8  CPC grounded [ lcpek |
Mode control
Sink current Vmc=VS Imc
Power-up input PU (power-up for all functions, except mixer)
Settling time Output power within 10% Spu
of steady state values
High level Active VpyuH
Low level Standby VpuL
High-level current Active, Vpyy = 2.7V I pUH
Low-level current Standby, VpyL = 0.4V IpuL
Power-up input PUMIX (power-up for mixer only)
Settling time Output power within 10% toetl
of steady state values
High level Active VPUMIXH
Low level Standby VPUMIXL
High-level current Active, VpumixH = 2.7V I PUMIXH
Low-level current Standby, I PUMIXL
VpumixL =04V
6) — 1 dB compression point (CP — 1)
7) Rcpc: external resistor to GND for charge—pump current control
8) See figure 7.

Min.

0.7
14

0.5

500
16

24

Typ.

55

N

60

13
2.6

15
0.1

0.1

Vysp-0.6

10

0.4
0.26
20

10

Vs
04
0.26
20

Unit

dBm
dBm

dBm

mVrms
dBc

mA

mA

mA
%/100°K

pF
mA

uA

us
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Supply Current of the Charge Pump
lvsp vs. Time

Due to the pulsed operation of the charge pump, the cur-
rent into the charge-pump supply Pin VSPis not constant.
Depending on | (seefigure 7) and the phase difference at
the phase detector inputs, the current |y sp over time va
ries. Basicaly, thetotal current is the sum of the quiescent
current, the charge-/discharge current, and — after each
phase comparison cycle — a current spike (see figure 3).

A I

Figure 3. Supply current of the charge pump =f(t)

Internal current, |, |Icpc| and Icpe vS. Repe

Repc | lcpcol lcpe
CPC open 0.5 mA 1mA 0
2.2 kQ 1.0 mA 2 mA -0.5mA
680 Q2 2.0mA 4 mA -1.5mA

(typical values)

Initial Charge-Pump Current after
Power-Up

Due to stability reasons, the reference current generator
for the charge pump needs an external capacitor (>500 pF
from CPC to GND). After power-up, only the on-chip
generated current | = Icpck is available for charging the
external capacitor. Due to the charge pump’s architecture,
the charge-pump current will be 2 x | =2 X Icpck until
the voltage on CPC has reached the reference voltage
(1.1 V). The following figures illustrate this behavior.

lepck X Repe
Vepe /////L//
|
/.
|
VREf ___I ! |
| : \
I | \
P! 1 D
T T T
t, 1t t t—
% 2X ICPCK
lepe
-
|
|
i
T
t; {—

Timety can becalculated ast; = (1.1V X Ccpe)/lcpek
eg.,, Ccpc=1nF, Icpck = 2.7 MA — t1 = 0.4 us.
Timety can be cdculated asty = (Repc/2200 Q) X Cepe
eg., Ccpc=1nF Rcpc=2200Q2 — to = 1.1 us

Figure 4.

The behavior of |lcpo| after power-up can be very
advantageous for a fast settling of the loop. By using
larger capacitors (>1 nF), an even longer period with
maximum charge-pump current is possible.

Ramp-up time for the internal band gap referenceis about
1 us. Thistime hasto be added to the times calculated for
the charge-pump reference.
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TEMIC U2894B

M ode Sdlection

The device can be programmed to different modes via an external resistor RMODE (including short, open) from Pin MC
to VS2. The mode is distinguished from specific N-, R-divider ratios, and the polarity of the charge-pump current.

M ode Selection N-Divider ~ R-Divider ~ CPO Current Polarity ¥ Application
Mode Resistance between fn<frd fy>fr?
Pin MC and Pin VS2

1 0 (<50 Q) 11 11 Sink Source
2 2.7 kQ (£5%) 11 11 Source Sink
3 10 kQ (£5%) 11 21 Source Sink
4 36 kQ (+5%) 2:1 2:1 Source Sink PCN/PCS 2
5 ® (>1 MQ) 2:1 2:1 Sink Source GSM 3)

D Frequencies referred to PFD input

2) L O frequencies below VCO frequency

3 L O frequencies above VCO frequency

4 Sink current into Pin CPO. Source: current out from Pin CPO.

VBiasiMDLO VSl
MDO
;O NMDO

Equivalent Circuitsat thel C’sPins

L.QO—4
MDLO
NI,NQO *
VReffinput VRefioutput
?‘
® . . . -l— . . O GND
Baseband input LO input L Output
Figure 5. 1/Q modulator
1kQ VBiasiRF 1kQ VBiasiLO
— 1+ * ® OVS3
RF O
890 Q 890 Q
NRF MIXLO
6.3Q
MIXO
—
. . . o ® O GND
LOinput Output —_

Figure 6. Mixer
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VS2 0O o—O VSP
4
CPC 2l
CPO
2l
p—|
GND GNDP
~|< nl = Transistor with an emitter-areafactor of “n”
Figure 7. Charge pump
oOVS2
ND/RD ¢ 20 kQ
PU, PUMIX O
NND/NRD o— 5 GND
Figure 9. Power-up
O GND
Figure 8. Dividers
VS20—e *
> - N—divider
> Logid—s R—divider L J_ cCU)=
>— = ? —> T 25pF@2V
> MUX
> || C (U) isanon-linear junction capacitance
MCO
Figure 11. ESD-protection diodes
60 pA
GND

Figure 10. Mode control
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Test Circuit

Baseband input

Baseband input

135V -VSV2+0.1V

Modulator I | 3

LOinput
50Q

RE

) I 51

Modulator _ﬁ i —
outputs

>

H
=
o [« [[°[

PFD
input F‘E

50 Q

26] ® O Vs

Mixer
EI_" g output

Mixer
EI_I input
[51]

21} . O Vs
LIH Mixer

E_" % LOinput

o

EH
THH
EH |f PFD input

50Q
Y

Bias voltage for
charge-pump output:
05V <VDO<VSP-05V

Figure 12. Test circuit
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Application Hints
Interfacing

For some baseband ICs it may be necessary to reduce the
I/Q voltage swing so that it can be handled by the
U2894B. In those cases, the following circuitry can be
used.

Baseband IC NI
Q

NI
U2894B
Q

Figure 13. Interfacing the U2894B to 1/Q baseband circuits

Due to a possible current offset in the differential base-
band inputs of the U2894B the best values for the carrier
suppression of the I/Q modulator can be achieved with
voltage driven I/NI-, and Q/NQ-inputs. A vaue of
Rsource = R2/2 x Rg = 1.5 kQ2 should be redized. Rsis
the sum of R1 (above drawing) and the output resistance
of the baseband IC.

Charge-Pump Current Programming

GND CPC
Reper =2.2kQ
oml Repez = 1 KQ (incl. rds_on of FET)
RCPCl RCPCZ

oy

H' ol =4 mA

‘L llgpol =2mA

Figure 14. Programming the charge-pump current

M ode Control
U2894B U2894B
VS2
RMode
MC

a) any single mode b) any 2 modes

U2894B U2894B
VS2
—-
RMode
MC
) any mode d) mode 5 & mode 3 or mode 4
& mode 5

Figure 15. Application examples for programming
different modes
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Application Circuit for DCS1800 (1710—- 1785 MHZ2)

Baseband processor

Attention!

Differential source impedance

15nH

seen by the I/NI, Q/NQ inputs
should not exceed 1000 Ohms 20(.) Q
\ r_diff ﬂ

27t035V ——

Ripmiy
IlS pFI_

f LO (~10 dBm)
1310-1385 MHz

17 2 3 28)2_7( 127 19

ESas

12 nH 12 nH Voltage
<> é reference
. » @*
* Mixer
= 47pF[6 <:
) 1/Q modulator
2pF e 2 pF
N+ 1 . .
g divider | _ o o e
B Charge
MUX PFD pump
13
f Ref R= 1 e
Vrms =55mv 50 Q 14 9 divider > >
(400 MH2) ] )
15 1 Mode
" control
4 18 24 11 10

ke Ty

22
I 390 Q
6ds |t PA
23 ——»
attn. f TX
(1710-
1785 MHz)

3.3nF

IGS pF

390 Q

27t035V
26 I °
1 I

Figure 16. Application circuit (power-up and charge-pump control is not shown)

M easurements
Modulation-Loop Settling Time

Asvalid for al PLL loops, the settling time depends on
several factors. Figure 17 is an extraction from measure-
ments performed in an arrangement like the application
circuit. It shows that aloop settling time of afew us can
be achieved.

v

| — CPC: 1kQ to GND

Vs

~— CPC‘open

—

Vertical: VCO tuning voltage 1 V/Div
Horizontal: Time 1 us/Div

Figure 17.

Rev. A4, 25-Feb-00
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Modulation Spectrum & Phase Error
Application for GSM 900

SPECTRUM MOD. ' | g

1T PP, S OT—. A v Iy 1M ] 31
RAMP §§§§§§§§§5-:§§§§§§§§:§§dBI’I‘IPU“EH

0.0 : A
PHASE | .04 IV anp A FREQY

FREL. T i | R

=20.0
SPECTRUM | oo L

S (VR O I BRI 01 LY
SPECTRUM RN \:
SWITCH. Bt R S :
=600 t

NN 4 TEEEn
=300 frowir i
-30.0 I ﬂJ H | |

v =2000.0 H:j: { 4:-2000.0 kHz
Al
W [ REF.LEVEL:  25.0 dBm | MARKER: -0.40 MHz/ -61.1 dB|

Figure 18. Modulation spectrum

i
T
oy

PHASE FREQUENCY o5

POWER [+ , 33 | EXPECTED
RAMP PHASE ERROR (PK): i | BouER
PHASE

902.4 | FREQ.”
FREQ. MHz | RF CHAN
SPECTRUM

MOD. -20

gﬂf%f“" RF CHANNEL: 62 POLJER: 32.9 dBm
: Current | Average | Maximum

Frequency Erronr: -41 Hz -39 Hz -390 Hz
Phase Erron (Peak): b.7 2 79e 104¢°
Phase Error (RMS): 229 249 2.8¢9

0 BURSTS 50
|

Figure 19. Phase error
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Application for DCS1800
SPECTRUM MOD. bes 1800
POVER |14 ., .. Y. T .X... 30| EXPECTED
RAMP 0 b P dBm | POWER
PHASE o0 RLEE 17648 | FREQ/
FREQ. 20'6 I :  MHz | RF CHAN
Billiun
HoD. =-40.0 f \
SPECTRUM  / i
SWITCH, 500 i '
~60.0 . s
-70.0 :
=-£0.0 :
-90.0 |
y] -2000.0 kHz 0 +2000.0 kHz
A
M | REF. LEVEL: 22.2 dBm | MARKER: 0.40 MHz/ -64.3 dB|

Figure 20. Modulation spectrum

PHASE FREGQUENCY

DCE 1800 l

POWER +20 ; 30
RAMP PHASE ERROR (PK: dBra
}PHRSE 1784.8
| FREQ, MHz
SPECTRUM
MOD. -205 148
SPECTRUM RF CHANKEL: 885 POLER: 30.0 dBm
SWITCH, -
Current fiverage Maximum
Frequency Error: 22 Hz 10 Hz 37 Rz
Phase Erpor (Peak): 739 g.29° 11.3¢
Phase Error (RMS): z.79 z.8° 34¢
0 BURSTS 100

norcaror. |

EXPECTED
POWER

FREQ./
RF CHAN

Figure21. Phaseerror
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Application for PCS1900

SPECTRUM MOD.
POWER |81 g g o Mgy 30 | ERPECTED
RAMP .0 b o oy om0 | POYER
PHASE gt b N i 1880.0 | FREQ./
FREQ. Choe e s s s 1 f o MHz | R CHAN
= 20,0 g g
speCTRUM | [ TS O O O 1 1 1 A |
HaD. MEREREERRYAlIRE
o] O R 111 1
S EEEEEREEL ] A
=-70.0
-$0.0
=30.0

|
=20 MHz 0 +2.0 MHz
'W‘ [REF. LEVEL:  2Z.1 dBm | MARKER: 0.40 MHz/ -64.1 dB]

Figure 22. Modulation spectrum

PHASE FREQUENCY [ oo |

POWER 20 - 30 | EXPECTED
RAMP PHASE ERROR (PK): dBm | POWER
PHASE 1880.0 | FRED./
FREQ. MHz | RF CHAN
SPECTRUM
MOD. -20§ 143
SPECTRUM RF CHANNEL: 661 POUER: 30.5 dBm
SWITCH, -
Current fiverage Maximum

Frequency Error: -11Hz -3 Hz -26 Hz

Phase Erpor (Peak): -6.9° -{.0° -g.g°

Phase Error (RMS): 2.3 z2.4¢° 309

0 BURETS 100
no1caror [

Figure 23. Phase error

Complete transmitters (including PA) were measured.  specificarion). The corresponding rms phase error is
The test equipment was the R & S CMD55 performing  about 3°. Dimensioning the loop-filters allows to
standard approval tests. Typicaly, the spectrum optimize spectral-and phase error performance.

@ 400 kHz off the center carrier frequency is approxi-

mately —-65 dB attenuated (—60 dB according
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57
53

45 ‘
43
\
[
|
]
j 015

6.6
6.3

Package I nfor mation
Package SSO28
Dimensions in mm 9.10
9.01
,,,,, i
”iiiHHHHH“"’
0.25 — 1015
0.05
0.6 o
- 8.45
28 15

=&

technical draNir’l?s
ing to DI

11111
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Ozone Depleting Substances Policy Statement

It isthe policy of TEMIC Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and forbid
their use within the next ten years. Various nationa and international initiatives are pressing for an earlier ban on these
substances.

TEMIC Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class| and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

TEMIC Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use TEMIC Semiconductors products for any unintended or
unauthorized application, the buyer shall indemnify TEMIC Semiconductors against all claims, costs, damages,
and expenses, arising out of, directly or indirectly, any claim of personal damage, injury or death associated with
such unintended or unauthorized use.

Data sheets can also beretrieved from the Internet:  http://www.temic—semi.com

TEMIC Semiconductor GmbH, PO.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2594, Fax number: 49 (0)7131 67 2423
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