SIEMENS

PLL-Frequency Synthesizer
with 12C-Bus

Features

Bit serial control with 2 lines (12C)
Modulus control
Voltage doubler for high phase detector output voltage
Linearization of phase detector output by current sources
High input sensitivity (50 mV), high input
frequencies (70 MHz) in single-modulus operation
(at Vpp =5V, Th =25 C)
Low operating current consumption (2 mA)
Standby circuit
Extremely fast phase detector with very short
anti-backlash pulse
® Lock detector output
@ Large dividing ratios
— AdividerOto 127
— N divider 3to 4095
— R divider 3 to 65535
® Switchable polarity and current rate of phase detector
® Port-output addressable via I2C bus, e.g.
— for prescaler standby
— for prescaler programming (128 or 64)

Ordering Code

Package

TBB 200 Q67100-H8215 P-DIP-14

TBB 200

CMOS IC

VPS05093

P-DIP-14

VPDQ5005

TBB 200 is a CMOS IC specially developed for use in radio equipment and telephones.
It is suitable for both simple frequency synthesis and dual-modulus synthesis.

12C-Bus is a bus system from the Philips Company and is protected by patent.
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TBB 200

Pin Configuration

(top view)
P-DSO P-DIP
T
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PRT [X] 6 ST GND2
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TBB 200

Pin Definitions and Functions

Pin No.

Symbol

Function

1

Voo

Supply voltage

2

RI

Input for 16-bit R-divider (reference divider). The input has a sensitive
preamplifier. AC coupling should be provided for small input signals, DC
coupling being possible for large input signals.

S/D

Input for setting single-modulus or dual-modulus operation.

SDA

12C bus data input [ Each 12C-bus telegram begins with a START signal
and ends with a STOP signal. With the STOP signal

SCL

12C bus clock the received data are read into the latches. The IC
acknowledges correct receipt of the IC-address with

input N
an acknowledge pulse on the data line.

PRT

Port-output (push-pull), status can be set on the bus, data are read with
the STOP signal.

MOD

Modulus control output for external dual-modulus prescaler. The modulus
output is low at the beginning of the cycle. When the A-divider has
reached its set value, MOD goes high. When the N-divider has reached
its set value, MOD goes low again and the cycle starts again. If the
prescaler has the divider factors P or P+1 (P for MOD = high, P+1 for
MOD = low), the total division factor is N x P + A. The value of the
A-divider must be smaller than that of the N-divider.

In single-modulus operation and standby in dual-modulus operation the
output is high-impedance for open-drain and tristate for push-pull.

Fl

Input with highly sensitive preamplifier for 12-bit N-divider and 7-bit A-
divider. AC coupling should be provided for small input signals, DC
coupling being possible for large input signals.

GND2

Ground of the internal sensitive preampiifier of input FI. This must be
connected externally to GND1.

10

Comparison frequency output (open-drain); the output signal
corresponds to the input frequency FI divided by the N-divider.

11

GND1

Ground

12

PD

Tristate charge pump output. The integrated negative and positive
current sources can be programmed in current density via the bus. The
activation/deactivation depends on the phase relationship of the scaled
down input signals Fi:N, RI:R (see pulse diagram for phase detector).
fv<frorfylagging: p-channel current source active
fv>frorfyleading: n-channel current source active

fv=sfaand PLL locked in: current sources disabled, output is high-

impedance (tristate)

In standby mode tristate is set. The assignment of the current sources to
the output signals of the phase detector can be exchanged by status bit
PD-polarity, ie the sign of the phase detector constant is controllable.

Semiconductor Group
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TBB 200

Pin Definitions and Functions (cont'd)

Pin No.

Symbol

Function

13

c

Voltage doubler output. The internal, capacitive voltage doubler works
into an external capacitance on pin 13 (C: + on pin 11, — on pin 13). A
typical capacitance value is 1 to 10 uF. The capacitor should have low
leakage currents. If the voltage doubler is not required, connect pin C to
GND1. Pin 13 is at the same time the foot of the n-channel current source
of the PD-output. The clock frequency of the converter is derived via a
programmable divider (:1, :2, :4) from the signal on R!. The internal clock
frequency should be greater than 2 MHz.

14

LD

Lock detector output (open-drain). Unipolar output of the phase detector
in the form of a pulse-width-modulated signal. In the locked-in state the
low pulse width corresponds to the anti-backlash pulse. In standby mode
the output is high-impedance.

Semiconductor Group
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SIEMENS
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SIEMENS TBB 200

Circuit Description

TBB 200 is a complex PLL-component in CMOS-technology for processor controlled frequency
synthesis. Pin S/D selects Single or Dual modulus operation. Functions and dividing ratios are
selected via an I2C-bus (Philips license) at pins SDA and SCL. An output port PRT permits control
(eg standby) of additional circuitry. The reference frequency is applied at input RI; its maximum
value is 30 MHz. The VCO frequency is applied at input Fl. Its maximum value in single-modulus
operation is 70 MHz and in dual-modulus operation 30 MHz. The PLL can be operated optionally
with or without an internal voltage doubler, depending on the required frequency variation (Varicap).
For operation with a voltage doubler, a capacitance of typ. 1 to 10 uF (MKH) must be connected at
pin C. C must be grounded when the voltage doubler is not in use.

Output PD supplies the phase detector signal with especially short anti-backlash pulses to
neutralize even the smallest phase deviations. Output LD supplies a static lock-detector signal, and
output FVN the divided VCO-frequency. LD and FVN are open-drain outputs.

By means of a short message (3 bytes) via the I12C-bus the component can be switched to standby
mode. Depending on the type of standby the quiescent current consumption is below 1 uA. The PLL
can be re-activated from this state by one command. Reloading of the R, N, A dividers and of
additional information is not necessary since this is internally stored.

Mode S/D MOD
Single-modulus | L (not activated)
Dual-modulus H wH

Semiconductor Group 6
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TBB 200

Absolute Maximum Ratings
To=—40t085°C

Parameter Symbol Limit Values Unit | Notes
min. typ. | max.

Supply voltage Voo -03 6 v

Input voltage vV, -03 Voo +03 |V

Output voltage at C Ve - Voo 0 v Exception: C

(internally
generated)

Power dissipation per output Pq 10 mw

Total power dissipation P 300 mw

Ambient temperature Ta - 40 85 ‘C

Storage temperature Toyg - 50 125 ‘C

Operating Range

Supply voltage Voo 3 5 5.5 \

Supply current  single-modulus Ipp 25 |35 mA | 1)
dual-modulus Iop 2 3 mA |3
standby Inp 1 pA  [3)
standby Inp 1.5 mA |4)
preamplifier ON/
divider OFF/

Ambient temperature Ta - 40 85 ‘C

Test conditions, PLL locked, Rl = 10 MHz

1

)
fi=50MHz
Veims = 150 mV
NT, RT > 1000
without voltage
doubler
IPD = IPD min

2

fi=10MHz

Vet ms = 500 mV
NT, RT > 1000
without voltage
doubler

Ipp = Ipp min

Semiconductor Group

%)

fi=50 MHz

Verms = 150 mV

NT, RT > 1000

without voltage doubler
for output wiring

refer to test circuit

9

For output wiring

refer to test circuit

inputs RI, Fl open

Viimin (SDA, SCL): Vpp— 0.5V
Vi max (SDA, SCL): Vo
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TBB 200

Characteristics

Voo=451055V, Ty=—40t085C

Parameter Symbol Limit Values Unit Test Condition
min. max.
Input Signals SDA, SCL
H-input voltage Viu 0.7xVep Voo \
L-input voltage | 0 03xVpy |V
Input capacitance C, 10 pF
Input current I 10 pA Vi=Vpp=55V
Input Signal S/D
H-input voltage Vi 0.7xVpy | Vop \'
L-input voltage Vi 0 03xVpyp |V
Input capacitance C, 10 pF
Input current I, 10 HA Vi=Vpp=55V
Input Signal RI
Input frequency f 30 MHz Vop=45V
Input voitage Vi 100 mvVrms | (sine)*
Input capacitance C, 10 pF
Input current 1, 10 nA Vi=Vpp=45V
Input Signal Fl (duai-modulus)
Input frequency fi 0.1 30 MHz Voo=45V
Input voltage vV 50 mvrms | (sine)*
input capacitance C, 10 pF
Input current I, 10 pA Vi=Vpp=45V
Input Signal FI (single-modulus)
Input frequency fi 70 MHz Vop=45V
Input voltage vV 50 mVrms | (sine)*
Input frequency fi 20 MHz Vop=3V
input voltage Vi 50 mvrms | (sine)
Input capacitance C 10 pF
Input current I, 10 HA Vi=Vpp=45V
Output Signal SDA
L-output voltage Va 0.4 \ Ig =3.0mA
Vep=5V
C_ = 400 pF
*only functional measurement,
for input sensitivity see appendix
Semiconductor Group 8
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TBB200

Characteristics

Voo =4.51055V,; T,=-40t085°C

Parameter Symbol Limit Values Unit | Test Condition
min. [ typ. max.

Output Signal PD" (Tristate output)

H-current mode ITon +1.9 +25 +3.1 mA [Vpp=5V,Ve=0V

L-current mode I +0475 (10625 [+£0775 |mA ([T,=-25°C
to 60 'C

Tristate I + 50 nA

Output Signal FVN (Open-drain output)

L-output voltage Vao 0.4 \' I =1 mA
Vop=5V
C_ =30pF

L-output pulse width towL 1/F1 [

Output Signals MOD, PRT

H-output voltage Vau Voo — 0.4 \ Ioy=0.5mA
Voo=5V

L-output voltage Va 0.4 \ I =0.5mA
VDD =5 V

Output Signal MOD (N-channel open-drain)

L-output voltage Va 0.4 \ Ig.=0.5mA
Vop=5V

Output Signal LD (Open-drain output)

L-output signal Va 0.4 vV Io =3 mA
Vop=5V
C_=30pF

L-output pulse width towL 20 40 ns

Y Symmetry M = 17003831

Io yp

Pulse Diagram

Semiconductor Group
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Dynamic Characteristics
Ves=5V,;Tp=—40t085°C

Parameter Symbol Limit Values Unit | Test Condition
min. max.

input Signal RI

Rise time tir 5 ns Vop=5V

Fall time e 5 ns Voop=5V

Pulse width hw 10 ns Vob=5V

Input Signal FI

Dual-Modulus

Rise time hr 3.5 ns Vop=5V

Fall time e 3.5 ns Voo=5V

Puise width tw 3.5 ns Vobp=5V

Single-Modulus

Rise time iR 5 ns Vop=5V

Fall time te 5 ns Vop=5V

Pulse width tw 10 ns Vop=5V

7003800

Pulse Diagram

Semiconductor Group 10
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TBB 200

Dynamic Characteristics
Vss=5V; Ta=—401085'C

Parameter Symbol Limit Values

min. I typ.

| max.

Unit

Test Condition

Voltage Doubler

Output voltage Vac —Vpp+0.8V

Voe ~Vop+ 15V

Voo —Vpp+ 0.8V

Vac —Vop+1.5V

- VDD

- VDD

- VDD

- VDD

fup=2MHz
Ioc = O pA
Voo=5V

fup=2MRz

Ioc = 100 pA
Voo=5V

fup=2MHz
Ioc =0 pA
Voo=3V

fuo =2 MHz
Joc = 100 pA
Vop=3V

Current consumption Ivo 250

Ivp 180

HA

HA

Voo=5V
Ioc =0 pA
fuo=2MHz

Voo =3V
Ioc =0 pA
fvo=2MHz

Semiconductor Group 11
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Dynamic Characteristics
Ves=5V; Tp=—40t085°C

Parameter Symbol Limit Values Unit | Test Condition
min. max.

Output Signal PRT

Rise time tan 1 us C, =30 pF
Fall time tor 1 us C_=30pF

Output Signal FV

Fall time tor 20 [ns |CL=30pF
Output Signal MOD

Rise time tor 10 ns C_ =30pF
Fall time tor 10 ns C, =30 pF
Delay time toaLH 25 ns C, =30pF
L-Hto FI

Delay time toaHL 15 ns C_=30pF
H-L to FI

50% 507% Fl

ITDO3801

Pulse Diagram

Semiconductor Group 12
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. B

P Channel | I
(Polarity Pos.)

Tristate . ]

N Channel |_ Status Bit 4=
PD

P Channel F

Tristate —l_ (Polarity _Neg.)
N Channel I_ Status Bit 4=L
. S

11003802

Phase Detector / Lock Detector

Semiconductor Group 13
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+Voo
| 4.7k0
XP c_-L 1 ! Yoo w4 o XP
IlOOnF E, uf —./
2 13 W’j
XP o—c/j— RI c —
L OoxP
== 100nF
XP o 2 S/D PD 12 O XP
+Voo
1.5k TBB 200
4 11
o g SDA GND1 i
/ +Vop
12C Bus
\ 4.7k0
5 10
o sCL FYN o XP
6 9
XP O~ PRT GND2 {
@{::
o—
SG130 ¥ o 7 Voo mE oo
== 100nF

11503803

XP = Measurement or iest pin acc. to data sheet
SG = signal generator

Test Circuit

Semiconductor Group 14
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TBB 200

Input Sensitivity of Preamplifier

1. Determine S/N-ratio of VCO with CCITT weighting:

Measuring Procedure

Input voltage on Fi:

Input frequency on

2. Increase attenuation a until — 3 dB point is reached.

Fi:

0dBm
fVCO _fRF

Sensitivity = input voltage on FI

Boundary Condition

The frequency of the control loop must be substantially greater than the upper cutoff frequency of

the CCITT filter.

The lock detector is not wired.

l fro

>,
~o ¢ °
S/N
Q/ < t/' |—e Tester
HF ~Millivoltmeter
y Fl
T8B 206 i LF vco
17803804
Test Circuit
Block Diagram
15
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Typical Input Sensitivity of Preampilifier Fl at 7, = 25 °C

1TD03805
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120 A
S5V

Vi 100
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Typical Input Sensitivity of Preamplifier Flat Vpp =5V
160 1TD03806

MVt
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LN -40°C /
N \\
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I12C-Bus Transmission Protocol

SIEMENS
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Transmission Protocol for Programming

SDA

Start

NN BIRIN O DINONH|WN 2O N[O O S| WIN| =

ACK

Stop

WOMDODO>»g5

c
@

nwmwmp$oOoO>Q

nwcH» 40

STATUS

Single-Modulus Dual-Modulus

OO =000 = ~

oo +000O0

PORT

Counter

FI, R

PD-polarity

PD-current

Voltage doubler frequency
Voltage doubler status
Modulus output

" Standby: FVN, LD, MOD are in H-state, PD is in tristate

2 PORT-output state

Semiconductor Group

O 2 2 000 = =

O+~ 0 -=-0000

Status Bit

0 1

Low? High?

off? on

off on

neg. pos.

0,625 mA 2,5 mA
+2 +4

off on
push-pull open-drain
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Transmission Protocol for Programming

SDA N-Counter SDA A/N-Counter

R-Counter

SDA

Single-Modulus Dual-Modulus

Single- Dual-
Modulus Modulus

< O0DZFruWm

Z 00DZFuwox

A AL
f Y 3\
m m @ m
QOO 0O OO0+ O XX XX XN nv %)
=2 13 2
t X X X X Nqfel
S |ou|o|< ]|~ 0O [ai|m| |0~ [0lO |+ |m | o N[O [+ M| b o |0 |O || |mit blo [~ o (O] 2
3] < < < < <
Z 00D2Zruwax
A
r M
Jae m
-rrO000+00 ©OOO0OO+r~OO XXXXW w
t X X 4 X | 0l
Slv[oa|o| < 1[0 [0]O [~ [ajm |t |10 0O [ ajm|< vo || |O~ o |m|w|v|o|~ 0|02
[&] < <C < <
-rrOO0O0OTrTr0O O0O0O0O+~+O
r O0DZruWwao
A
r N
m [vs]
~-rO00O0Or-00 OOOCOCOvOO @O %)
= 2
t X X X X | Ql
Bl |oufjo|<t oo~ [0 ]O] v oo | v~ [0 |O|~{a]m|< (b~ [0 O |« [a|m i v (oo 8
(2] < < < <\
)
e
L J L )
vV Vv m
c
, ]
m k-]
. o) ]
Qeonrwny H<OOTWAH®

X

19

Semiconductor Group



SIEMENS TBB 200

Switching Times

Parameter Symbol " Limit Values Unit
min. max.

Clock frequency fscu 0 100 kHz

Hold time data to SCL low HD; DAT 0 ps

Inactive time prior next transmission teuF 4.7 us

Start condition hold time
(first clock pulse is generated after

this time period) thp; sTA 4.0 us
Clock low phase i 4.7 us
Clock high phase ty 4.0 us
Data setup time tsu; DAT 250 ns
SDA and SCL signal rise time th 1 us
SDA and SCL signal fall time te 300 ns
SCL pulse setup time with stop condition tsu: sTO 4.7 us
Status programming setup time (S/D) tsp 500 ns
PRT delay time relative to stop condition topRT 500 ns

All values with reference to specified input levels V,,, and V..

Pulse Diagrams for I12C Bus, S/D, PRT

3 I e
[ X ) \ U
0 11
! t [
R F | | I
[BE
[
L | STOP
!seupisto
fiow fion =
’MD;DAY 'Slhap:DAT /DP T
f— — | ——] |n—

Y
{3

PRT
n
¢ 11503808
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Application Circuits

+
upP 4
3
12C-Bus —
SDA  SCL W S/0 Vyp Fe===n
It P ; |
s Hi= 8B 200 : |
T | |
GND2__FI__MOD_ PRI GNDI : T LF: veo
1 1
I 1
|——< == + T >
. | I |
GND Q1 MOD N
188 102 1TS03809
Yoo IN ——Il——{
+
Operation: dual-modulus (fnax = 30 MHz at Fi)
+
uP
12C-Bus
T
SDA  SCL b S/D ¥
/0 Yoo r——=--1
1 PO+ t
s Hwr BB 200 ! !
' 1 1
GND2  FI GNDT T LF: veo
1 1
- | Ip— |
. |
L—— Prescaler |}«
| I | 1503810

Operation: single-modulus (fn.x = 70 MHz at Fl)

LF: loop filter

Semiconductor Group
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Application Circuits VCO-Coupling

.
Yoo rF=—-"=" r-—--17
T
TBB 200 i i '
I P “vco' 0s Vg =V,
GND! : c :—— : : i : =Vop = Vip
I [ 1
L L
Lo d be|—J
- _FSOHH
Operation without voltage doubler (status bit 7 = 0)
+
v,
0o Fe=="" r-=""/M
PD | +—+ I
11 1
TBB 200 | i !
ILF 1y L
GND! c Han b ngco: 0% Vpp 52 Vg
] [l i
! Ll |
V== tuf bmemed L d
— ITS03812

Operation with voltage doubler (status bit) = 1
LF: loop filter
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Example of Loop-Filter Configuration
The following requirements are made for the loop-filter configuration:
a) the PLL should behave as a PT, network,

b) an additional time constant should provide effective attenuation of the reference frequency lines
in the spectrum.

The network shown satisfies these requirements.

Figure 1
Loop Filter

1+sT.
= 2
FS)= 1
sKCy (1457 1)

=0 Ry

11503813

According to Gardner /1/ this circuit corresponds to a PLL, type 2, 3rd order. A deeper examination
of this control circuit can be made in the Bode diagram (fig. 3).

Figure 2
Complete control circuit with corresponding frequency response of the open loop circuit.
Ky F(S) Kyeo
—»
PFD LF > 7
e Kuco Ko Ky (14s7,) e’y
° sk? CI(1+ST2"1(_)
KN TO
C
K=—& +1
1/N 2]
11503814
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Figure 3
Bode Diagram for the Open-loop Control Circuit, Normalized to wy = 1

d8 ITO03815
80 i T
1F S0 Il K
N =T Vk K 7]
b
W [ [0}
20 KT? N T2
vl (7 Degree
’ 1 . . * 28
-2 ~ o ~GH . 40
s 1] 60
- 40 - ¥k == 1 8o
100
-6 N 2o
- T @ =0 N %0
[z N
- 80 T % Sy \i 160
i < 180
-100
107 5 10" 5 100 5 10 5 107

In this diagram a point wy is indicated where the true curve cuts the asymptotic amplitude
characteristic. Also the phase edge o, reaches its maximum exactly at this point, which

can be calculated from @y =V ;5 X 0; 5 3

In the region of this point the amplitude characteristic approaches a positive slope of 20 dB/dec.
There is therefore the possibility of being able to dscribe the control circuit with the PT, parameter
attenuation d and the self-resonant frequency wy. In order to obtain the required phase margin at the
point ay, the ratio K of the time constants (see fig. 2) is varied.

Semiconductor Group 24
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Figure 4
Transient Response

With regard to applications it is interesting to know after which period t a given tolerance band Bis
entered but not left again for a step in frequency. The step response of a PT, network is
therefore analyzed for d < 1.

1D03816

| —
1 Y
28 | N,
I~ Envelope
|
rON ,OIT
— dont
— hit=M [1 + "e\/TZ—% sin(\/1—d2 ot + ¢) ] (@)

The computational formulae result from these observations. The chosen attenuation factor d, the
stabilization period Torr and the tolerance band B. The natural frequency wy ¢an be calculated from
these given parameters.

_ —In(BVT1-d?) 5)
- dx Tore
A =tg(D_ sarctan 2 @) (6)
Oper
K =(A+VAZ+1) ]

The relationship 7 can be simplified for the case wy « oggr 10

K =@d+VadZ+1)

Semiconductor Group 25
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If the parameters K4, Kvco and Nare known, the loop filter elements C, C; and R, can be calculated.

_ Kico X Ky
¢ = N(OZN x VK (8)
C, =(K-1)¢C 9)
4
R, =YK (10)
oy x G,

Application Example (in loop filter corresponding to fig. 1)

The frequency range should be varied in steps of 25 kHz with half channel displacement. The
reference frequency is therefore set to frer = 12.5 kHz. The IF-bandwidth is 6 kHz. For a change of
channel the oscillator frequency should have come so close to the final frequency in the given time
of 10 ms that the channel can be evaluated. The tolerance band is chosen as '/, of the
IF-bandwidth.

8 = 1,5 kHz -0,06
25 kHz

1 mA
Phase-detector constant Ky = —— =0,398 —
2n rad

rad

VCO constant Kyco = 5,03 x 106V_s

d=dyy=0,7
fiuin = 900.0125 MHz Frmax = 900.9875 MHz
N in= fmin 72001 N max= Jma 70079
REF REF

The PLL should be designed for the average dividing factor N:
N = VN X Npin= 72040

—In(BY1-d2 )
= ——————"=4501/s
dx Torr
A = tan( + arc tan (2 d))
WRer
K = (A+V A2+1'2=99
’(D KVCO
C, = —NX(DNZ <K = 43.5nF 43 nF selected
C, = (K-1)C,=308.6nF 390 nF selected
WK
R, = — =17.9kQ 17.8 kQ selected
oy XC,
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Loop Filter Higher-Order

A higher-order filter is often necessary because of strict requirements regarding phase noise. The
simple three-element filter is devided into two identical parts and connected by the additional
components Ry, L and Cp.

Figure 5
Loop Filter

00 Ry L veo

PD :'f - ———
C
GND1 C R
R, R
s () ? +_ 2 s
G G
¢ ~

11s03817

By using Ry and L additional limit frequencies can be inserted in the Bode diagram, and with Cg
spectral components can be suppressed, e.g. the reference frequencies or their multiples. There is
a program available for optimizing this filter on AT/XT-compatible PCs.

Ordering NO. Q 67100-H 8729.

Explanation of Symbols:

PFD  Phase Frequency Detector

N Divider ratio

Jfuco VCO frequency

Ky Transfer coefficient of the divider
Ky Transfer coefficient of the PFD
Kveo  Transfer coefficient of the VCO
1y Dead time

Srer Reference frequency

Fo Frequency response of the open-loop control circuit
K Ratio of the time constants

B Tolerance band

toFF Setting time

d Attenuation damping factor
Wy Natural frequency of the loop
1 Output current of the PFD

Literature:

Gardner, Floyd: Charge-Pump Phase Locked Loops
IEEE Vol. COM-28, 11.80
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Package Outlines

Plastic-Package, P-DIP-14
(Dual-In-Line)

Index Marking

0.35+0.|5

14 8
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8.75.0,
Index Marking

Sorts of Packing
Package outlines for tubes, trays ect. are contained in our
Data Book “Package Information”

et —
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GPS05093

Dimensions in mm

Semiconductor Group

28






