TEMIC T2901

Bluetooth Single-Chip Transceiver 1C

Description

The T2901 is a bipolar intergrated circuit manufactured  This IC includes a transceiver for the 2.45 GHz ISM band
using TEMIC Semiconductors’ advanced UHF process.  especially for Bluetooth applications.

Features

® Complete Bluetooth transceiver with fully integrated ® Auxiliary voltage regulator on chip

synthesizer and VCO ® Supply-voltage range 2.7 Vt0 3.3V

® TX with advanced closed-loop modulation (6 V with additional external PNP transistor )
o TX PA with +3 dBm output power at 2.5 GHz and ® Few low-cost external components /
ramp-signal generator for optional front end No mechanical tuning required
® Image rejection mixer ® 48-pin TQFP package
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Figure 1. Block diagram
Ordering Information

T2901- MFY TQFP48
T2901- MFYR TQFP48 Taped and reeled
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Functional Blocks

AUX REG | Auxiliary voltage regulator MCC Modulation-compensation circuit

BBF Baseband filter PC Programmable counter

CP Charge pump PD Phase detector

DAC D/A converter for demodulator tuning RAMP GEN |Ramp-signal generator

GF Gaussian filter for transmit data RC Reference counter

IF AMP1 1st intermediate frequency amplifier RSSI Received signal-strength indicator

IF AMP2 2nd intermediate frequency amplifier TX PA Transmit power amplifier

IR MIXER |Image rejection mixer VCO Voltage-controlled oscillator

LNA Low noise amplifier VCO REG Voltage regulator for VCO
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TR EELLLI
6\Q‘m‘m‘>‘§5§§o‘o‘§
JEREERGEESSERD

cLock [
pata [}
ENaBLE [}
REF cLk ]
Lo ]
PU_REG [
vs_pLL [
vREG [
REG_CTRL [_]
VS_UNREG [_]
GND_cP [}
vsce 112

O

O X N W N~

—_ =
—_ O

CP
VS_VCO
VREG_VCO

GND_VCO
VTUNE

Figure 2.

48 47 46 45 44 43 42 41 40 39 38 37

T2901

GND1
BB_IN
BB_CF
BB_OUT

DEMOD_TANKI1

DEMOD_TANK2
DEMOD_OUT

Pinning

36 : RAMP OUT

35 : IF_IN2

34 : IF_IN1
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Pin Description (continued)

1 CLOCK 3-wire-bus: Clock input

2 DATA 3-wire-bus: Data input

3 ENABLE 3-wire-bus: Enable input

4 REF_CLK Reference frequency input

5 LD Lock-detect output

6 PU_REG Auxiliary voltage regulator power-up input

7 VS _PLL PLL supply voltage

8 VREG Aux. voltage regulator output

9 REG_CTRL Aux. voltage regulator control output

10 VS_UNREG Aux. voltage regulator supply voltage

11 GND_CP Charge pump ground

12 VS _CP Charge pump supply voltage

13 CP Charge pump output

14 VS _VCO VCO voltage regulator supply voltage

15 VREG _VCO VCO voltage regulator control output

16 GND _VCO VCO ground

17 VTUNE VCO tuning voltage input

18 GND1 Ground

19 DEMOD_TANK1 Demodulator tank circuit
20 DEMOD TANK2 Demodulator tank circuit
21 DEMOD OUT Demodulator output
22 BB IN Baseband filter input
23 BB _CF Baseband filter corner frequency control input
24 BB OUT Baseband filter output
25 RSSI Received signal strength indicator output
26 IF TANK1 IF tank circuit
27 IF TANK?2 IF tank circuit
28 GND2 Ground
29 RF_IN1 Differential RF input 1 to the image reject mixer
30 RF _IN2 Differential RF input 2 to the image reject mixer
31 GND3 Ground
32 TX_ OUT TX PA output
33 VS_IF IF amplifier supply voltage
34 IF_IN1 Differential IF input of the IF amplifier
35 IF_IN2 Differential IF input of the IF amplifier
36 RAMP OUT Ramp generator output for ext. PA power ramping
37 RAMP_SET Slew rate setting of ramping signal
38 RX ON RX section power up control input
39 TX ON TX section power up control input
40 MIXER OUT1 Differential mixer output of the SAW
41 MIXER OUT2 Differential mixer output of the SAW
42 VS_MIXER Mixer supply voltage
43 GND _PLL PLL ground
44 PU _VCO VCO power-up input
45 PU RX/TX RX/TX power-up input
46 PU_PLL PLL power-up input
47 TX DATA TX data input to Gaussian filter and modulation-compensation circuit
48 I CP. SW Charge pump current switch
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Functional Description

Receiver

The RF-input signal at RF_IN is fed to an image-rejection
mixer IR MIXER with its differential outputs
MIXER_OUT1 and MIXER_OUT?2 driving an IS-SAW
filter at 110 MHz. The IF amplifiers IF_AMP1 and IF
amplifier IF_ AMP2 with an external IF_TANK and an
integrated RSSI function fed the signal to the
demodulator DEMOD and finally to an integrated
baseband filter BB. For demodulator tuning in
production, an integrated 5-bit Digital-to-Analog (D/A)
converter is used to control the on-chip varicap diode.

Transmitter

The transmit data at TX_DATA is filtered by an integrated
Gaussian filter GF and fet to the fully integrated VCO
operating at twice the output frequency. After
modulation, the signal is frequency-devided by 2 and fet
via a TX/RX SWITCH to the TX DRIVER. This
bus-controlled driver amplifier supplies +3 dBm output
power at TX OUT. A ramp-signal generator RAMP
GEN, providing ramp signals at RAMP_OUT for an

Absolute Maximum Ratings

external power amplifier, is also integrated. The slope of
the ramp signal is controlled by a capacitor at
RAMP_SET.

Synthesizer

The IR MIXER, the TX DRIVER and the programmable
counter PC are driven by the fully integrated VCO
(including on-chip inductors and varactors). An 3-bit
Digital-to-Analog converter is used to preset the desired
frequency. The output signal is frequency-devided to
supply the desired frequency to the TX DRIVER, 0/ 90
degreee phase shifter for the IR MIXER and to be used by
the PC for the phase detector PD. Unlimited multi-slot
operation is possible by using the integrated advanced
closed-loop modulation concept based on the modulation
compensation circuit MCC.

Power Supply

For minimum interference and maximum signal
isolation, an integrated bandgap-stabilized voltage
regulator for use with an external low-cost PNP transistor
is implemented. Additionally three independent internal
voltage regulators provide multiple power-down and
current-saving modes.

All voltages are referred to GND (Pins 11, 16, 18, 28, 31 and 43).

Supply voltage Pins 7, 10, 12, 14, 33 and 42 Vs xxx 6 A%
Logic input voltage Pins 1, 2, 3, 6, 38, 39, 44, 45, 46, 48 Vin -03 6 Vv
Junction temperature Timax 125 °C
Storage temperature Tste 40 125 °C

Thermal Resistance

Junction ambient

130

Rihia

Operating Range

All voltages are referred to GND (Pins 11, 16, 18, 28, 31 and 43).

Regulated supply voltage Pins 7,12,14, 33 and 42 Vs xxx 2.7 3.0 33 \"
Unregulated supply voltage Pin 10 VS unreg 3.0 5.5 \Y
Ambient temperature Tamb 20 +25 +85 °C
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Electrical Characteristics

Test conditions (unless otherwise specified) : Vg = 3.0V, Ty = 25°C.

Power supply

Pins 7, 10, 12, 14, 33 and 42

Total supply current TX Ig 40 mA
RX Ig 40 mA
Standby current PU =GND Is 1 100 LA
LNA + IR mixer Pins 29, 30, 40 and 41
Image rejection ratio Pins 40 and 41 IRR 20 dB
DSB noise figure Pins 40 and 41 | NFDSB= 12 dB
NFSSB
Conversion gain Rjoag = 400 Q Geonv 15 dB
Output interception point Pins 40 and 41 OIP3 4 dBm
Input impedance Pins 29 and 30 Zin 50 Q
Input matching Pins 29 and 30 | VSWR;, <2:1
TX PA Pin 32
Max output power Pwr setting = max Pmax 0 3 5 dBm
Min output power Pwr setting = min Pmin =27 dBm
RF leakage In RX mode Pleak -30 dBm
Output impedance Zout t.b.d. Q
Output interception point OIP3 10 dBm
IF amplifier Pins 26, 27, 34 and 35
Input impedance Pins 34 and 35 Zin 200 400 Q
Lower cut-off frequency flagn 90 MHz
Upper cut-off frequency fusgp 130 MHz
Power gain Gp 85 dB
Bandwidth of external tank Pins 26 and27 BWign 10 MHz
circuit
Noise figure NF 9 dB
RSSI Pins 25, 34 and 35
RSSI sensitivity at IF_IN1 , IF_IN2 Pmin 20 dBpv
Pins 34 and 35
RSSI compression at IF_IN1 , IF_IN2 Prax 100 dBuv
Pins 34 and 35
RSSI dynamic range DR 80 dB
RSSI resolution Slope of the RSST has to be Acc 13 dB
steady
RSSI rise time Pin < 30 to 100 dBuv, t 1 us
Pin 25
RSSI fall time Pin <100 to <30 dBuY, t¢ 1 us
Pin 25
Quiescent output voltage Pip <20 dBpVv Vout 0.45 A%
at IF_IN1, IF_IN2, Pin 25
Maximum output voltage Pi, =100 dBuV Vout 2.25 A%
at IF_IN1, IF_IN2, Pin 25
Rev. Al, 21-Sep-99 5(15)
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Electrical Characteristics (continued)
Test conditions (unless otherwise specified) : Vg = 3.0V, Ty = 25°C.

FM demodulator Pins 19, 20 and 21
Co-channel rejection ratio Pin = 75 dBm at IR-mixer CCRR 10 dB
mnput
Sensitivity Quality factor of external S 0.6 V/MHz
tank circuit approx. 20,
Pin 21
Amplitude of recovered Nominal deviation of signal A 200 mVp,
signal + 160 kHz, Pin 21
Output voltage DC range Pin 21 | FMoutpc 0.4 V04 \'/
Output impedance Pin 21 Zout 13 kQ
AM rejection ratio Pin 21 AMRR t.b.d dB
Baseband filter Pins 22, 23 and 24
3 dB bandwidth Cext = 80 pF Pin 24 | PGBW 1.5 MHz
Output voltage range Pin 24 Vout 1 Vs-1 A%
Common-mode input Pin 22 Vin 1 Vs—1 A%
voltage
Ramp generator Pin 36
Rise time Cramp = 270 pF at Pin 37 tr 5 s
Fall time Cramp = 270 pF at Pin 37 te 5 us
Minimum output voltage Accord. PA ramp input Vinin t.b.d. A%
Maximum output voltage Accord. PA ramp input Vimax t.b.d. \Y
Logic input levels Pins 1, 2, 3, 38, 39, 47 and 48
High input level =1 Vi 1.5 A%
Low input level =0 ViL, 0.5 \%
High input current =1 Lin -5 5 LA
Low input current =0 L. -5 5 LA
Power / standby Pins 6, 44, 45 and 46
Power up PU=‘T Vpu 2.0 A%
High input level
Standby PU=0 VPU,OFF 0.7 A%
Low input level
Power up PU=‘T VPU =3V Pin 6 IPUfREG 20 30 40 uA
High input current Pin 46 Ipu pL 100 125 150 LA
Vpy=55V Pin 46 Ipy pL 200 300 400 UA
Pin 44 IPU VCO 60 80 100 MA
Pin45 | Ipy rxrx | 60 80 100 uA
Standby PU=0 V=0V Ipy,0FF 0.1 LA
Low input current Vpu=05V 1 LA
Settling time Switched tsoa <10 us
VS =0 — active operation  |[VS=0toVS=3V
Settling time Switched tssa <10 us
standby — active operation |PU=0toPU=1
Settling time Switched tsas <2 us
active operation— standby |[V§S=3VtoVS=0
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Electrical Characteristics (continued)
Test conditions (unless otherwise specified) : Vg = 3.0V, Ty = 25°C.

PLL

Scaling factor prescaler Spsc 32/33

Scaling factor main counter Sme 64 79

Scaling factor swallow Ssc 0 31

counter

External reference input AC-coupled sinewave fREF cLK 13 MHz

frequency @ 20 ppm accuracy, Pin 4

External reference input AC-coupled sinewave, VREF _CLK 50 250 mVRMS

voltage Pin4

Total scaling factor Pin4 Sre 13

reference counter

Charge pump active when RX, TX Pin 13

Output current Vicp sw="0" Icp a1 +1 mA
Vep<Vyg cp/2
Vi cp sw="“1" Icp s 15 mA
Vep< Vys cp/2

Current scaling factor Icp = CPCS x Icp Typ CPCS 80 110 %
(see bus protocol D0 ... D1)

Leakage current I, + 100 pPA

Modulation-compensation circuit @ maximum DSV < 78

Oversampling frREF cLx= 13 MHz (O 1

Integration counter MAC —63 +63

Current scaling factor (see bus protocol E3 ... ES) MCCS 60 130 %

3-wire bus

Clock | Pinl | foock 6 MH7,

Gaussian transmit filter, Gaussian shape B+T = (0.5

Tx data filter clock fREFﬁCLK = 13 MHz, TX, frxreLK 6.5 MHz
7 taps in filter

GF adjustment range (see bus protocol D6 ... D8) GFAR 60 130 %

(for FM deviation adjustm.)

Internal VCO

Tuning range RX band @ fip =110 MHz fyvcorx 2290 2390 MHz

Tuning range TX band fvco.tx 2400 2500 MHz

Phase noise @ 500 kHz offset  Pin 21 Nvco -95 dBc/Hz

Phase noise, wideband > 2 MHz offset Pin 21 Nvco -120 dBc/Hz

Tuning input sensitivity Pin 17 | SvCO.mod 50 MHz/V

Rev. Al, 21-Sep-99 7 (15)
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Electrical Characteristics (continued)

Internal VCO PRETUNE 4-bit programming (see bus protocol D2 ... DS)
Stepwidth | | foretune | 30 MHz
Lock-detect output Pin §
Lock-detect output, locked = ‘1’ LD
test-mode output unlocked = ‘0’
(test modes see bus proto-
col EO ... E2)
Leakage current Vog=33V Pin 5 I 5 UA
Saturation voltage Ior.=0.5mA Pin5 Vs 04 A%

Table of Switch Settings in Different Modes

PU_PLL, PU_REG 0 1 1 1 1
PU_RX/TX 0 0 1 1 1
RX_ON 0 0 1 0 1
TX_ON 0 X 0 1 1
PU_VCO 0 1 1 1 1
VCO, PLL, prescaler, RX/TX switch Off On On On On
PA, Ramp Gen, MCC, Gaussian filter Off Off Off On Off
LNA, IR mixer, IF amplifier Off Off On Off On
Demodulator, BB-filter Off Off On Off Off
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PLL Principle

RF_IN l

Programable counter PC

”— Main counter MC

”— Swallow counter SC

fvco =fpp x (Smc x 32 + Ss¢)

l fpp

cp Divider by 2 | TX: 2400-2500 MHz
Phase frequency ! vCO
detector PD RX: 2290-2390 MH
Divider by 2 0 2 z
A DAC A
fpp = 1,00 MHz GF_DATA
. Modulation MCC Gaussian
Controlled phase shifting  [— compensation filter GF
Reference counter RC 13,00 MHz
REF_CLK Src
13,00 MHz 13
T 1,000 Mbit/s
PLL reference
Frequency
REF_CLK

14233

Figure 3.

Table 5. The following table shows the maximum programmable LO frequencies for RX and TX.

2048.0 64

111.0 2770.0

2559.0 79 31

Preset of MCC and
Gaussian Transmit Filter for TX

After programming the PLL (3-wire bus Enable input
going to high level) until start of the Data preamble, it is
necessary to send a symmetrical alternating 1/0-datas-
tream.

Serial Programming Bus

Reference and programmable counters can be
programmed by the 3-wire bus (CLOCK, DATA and
ENABLE). In addition to this information, further control
bits such as the scaling of charge pump currents as well
as internal currents for the Gaussian lowpass filter and
modulation-compensation circuit can be transferred.

Rev. Al, 21-Sep-99
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After setting the Enable signal to low condition, the data
status is transferred bit by bit on the rising edge of the
clock signal into the shift register, starting with the MSB-
bit. When the Enable signal has returned to high
condition, the programmed information is loaded into the
addressed latches according to the address-bit condition

Bus Protocol Formats

(last bit). Additional leading bits are ignored and there is
no check made how many pulses arrived during Enable
low condition. The bus then returns to a low-current
standby mode until the Enable signal changes to low
again,

MSB LSB
Data bits Address

bit

D22 ‘DZI ‘DZO ‘Dl9 D18 ‘Dl7 ‘DIG ‘DIS ‘Dl4 D13 | D12 ‘Dll D10 | D9 | D8 ‘ D7 ‘ D6 | D5 ‘D4 ‘DB ‘DZ D1 ‘DO A0

MC SC PS PA GF | MCC GFCS VCO-DAC CPCS 1

1‘1‘0‘01‘0‘0‘1‘111‘01 10‘1‘1 1‘0‘0‘01‘0 1

A
Standard bit setting: Word 1

Data bits Address

bit

E10 ‘ E9 ‘ E8 ‘ E7 ‘ E6 | E5 ‘E4 ‘E3 E2 ‘El ‘EO AD

DEMODDAC MCCs TEST 0

Word2  =— 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 1 ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 0

PLL Settings Gauss Filter and Modulation Compensation
Settings
1 0 0 0 0 0 0 64 0 OFF
1 0 0 0 0 0 1 65
1 0 0
1 0 0 1 1 1 0 78 0 OFF
1 0 0 1 1 1 1 79

0 0 0 0 1 1

0 0 0 1 0 2

1 1 0 1 1 30

1 1 1 1 0 31
* Ssc = [D14] x 20 + [D15] x 2! + ... [D218] x 2

wE Spap =32 X Smc + Ssc

0 inverted

1 normal

0 0 0 60%
0 0 1 70%
0 1 0 80%
0 1 1 90%
1 0 0 100%
1 0 1 110%
1 1 0 120%
1 1 1 130%

10 (15)
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DEMOD DAC Voltage Settings

(DEMODDAC)
0 0 0 60%
0 0 1 70%
0 1 0 80%
0 1 1 90%
1 0 0 100% 0 0 0 0 1
1 0 1 110% 0 0 0 1 0
1 1 0 120%
1 1 1 130% 1 1 1 0 1
. . 1 1 1 1 0
Power Amplifier and Charge Pump Settings 0 | | | h 6.0
0 0 17 dBm Test Mode Settings
0 1 —7 dBm
1 0 —1 dBm
1 1 +3 dBm

1 0 80%
1 1 90%
0 0 100%
0 1 110%

Pretune DAC Voltage Settings

Vrung = Vo2

0 0 0 |Lock detect mode

0 0 1 |PC out divided by two and
CP active (phase changed)

0 1 0 |RC out divided by two and
CP active (phase changed)

0 | 1 | 1 |MCCTEST
(REF_CLK divided by 1664)

1 0 0 | CP tristate only

1 0 1 |RC out divided by two and
CP high impedance

1 1 0 |PC out divided by two and
CP high impedance

1 | 1 | 1 |GFTEST (REF_CLK divided by 4)

0 0 0 0 -6.0
0 0 0 1

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 0
1 1 1 1 6.0

3-Wire Bus Protocol Pulse Diagram

ENABLE

DATA ‘

CLOCK —

‘MSB ‘LSB

| | ’7
T T T 1
o
Figure 4.
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3-Wire Bus Protocol Timing Diagram

DATA

CLOCK M o w
ENABLE ~

7

v

g |

TL

Table 6. Bus signal times

Figure 5.

—+| TEC~— TT —={

16525

Clock period TPER 1/ (6.5 MHz) us
Set time data to clock TS 60 ns
Hold time data to clock TH 60 ns
Clock pulse width TC 1/ (13 MHz) us
Set time enable to clock TL 3/ (13 MHz) us
Hold time enable to clock TEC 0 ns
Time between two protocols TT 3/ (13 MHz) us
Bluetooth RX/TX Timing Diagram
Slot—No: 2Xn Slot—No: 2 X n+
)
TRANSMIT— RECEIVE- TRANSMIT—
Guard— Guard— SLOT
(Master Time Masten) Time (M%
MASTER_TX |
SLAVE_TX
P
SLAVE_RX —[Fops | [ A
RX-ON —>| P RX-Precharge |
Time
TX-ON — TX-Precharge
~. Time
RAMP —of /T TX Ramp %
Time
PLL-Prog 36Bit/6M;[Z+231nS:6.231us"l””l‘f ‘ |||||| ‘ /
ﬁ'\ TX Switch-—_- %
VCO-Freq —>/ max¥ Impact ™ Freq. Change
220 us ~ Period /(
L “ | .
‘ 77 366 259 — > 366 ' 759 > Time/ ps
t=0 366 625 991 1250 14234
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Typical Application Circuit
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VBatt |:|__| GND_CP zZE -
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Figure 6. Application circuit
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Package Information
Package TQFP48

Dimensions in mm
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