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® VCO (Voltage-Controlled Oscillator): ® |ndependent VCO, PFD Power-Down Mode
— Complete Oscillator Using Only One ® Thin Small-Outline Package (14 Terminal)
External Bias Resistor (RBIAS) ® CMOS Technology
30 MHz to 55 MHz (VDD = 3V x5%,
Ta =-20°C to 75°C, x1 Output) 14-PIN TSOP (PW PACKAGE)
30 MHz to 60 MHz (VDD = 3.3 V 5%, (TOP VIEW)
Tp =—20°C to 75°C, x1 Output)
43 MHz to 110 MHz (VDD =5 V +5%, LOGIC Vpp 11 14 [T VCO Vpp
Ta =—20°C to 75°C, x1 Output) SELECT 142 13 FT1 RBIAS
VCO OUT I3 12T VCOIN
— Selectable Output Frequency FIN-ALCT] 4 11 1 veo enp
® PFD (Phase Frequency Detector): FIN-B[I]5 10 11 VCO INHIBIT
High Speed, Edge-Triggered Detector PFD OUT 16 9 [T PFD INHIBIT
with Internal Charge Pump LOGIC GND 17 8 11 TEST
description

The TLC2933A is designed for phase-locked loop (PLL) systems and is composed of a voltage-controlled
oscillator (VCO) and an edge-triggered type phase frequency detector (PFD). The oscillation frequency range
of the VCO is set by an external bias resistor (Rgjas). The VCO has a 1/2 frequency divider at the output stage.
The high speed PFD with internal charge pump detects the phase difference between the reference frequency
input and signal frequency input from the external counter. Both the VCO and the PFD have inhibit functions,
which can be used as power-down mode. Due to the TLC2933A high speed and stable oscillation capability,
the TLC2933A is suitable for use as a high-performance PLL.

AVAILABLE OPTIONS

PACKAGE
.
A SMALL OUTLINE (PW)
_20°C to 75°C TLC2933AIPW

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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functional block diagram

VCO IN 12
FIN-A
Phase 6 BIAS 131 Voltage
FIN-B Frequency |———PFD OUT 1 Controlled VCO OUT
Detector VCO INHIBIT Oscillator
PFD INHIBIT 2
SELECT
Terminal Functions
TERMINAL
110 DESCRIPTION
NAME NO.

LOGIC VDD 1 Power supply for the internal logic. This power supply should be separated from VCO Vpp to reduce
cross-coupling between supplies.

SELECT 2 | VCO output frequency select. When SELECT is high, the VCO output frequency is x1/2 and when
low. The output frequency is x1.

VCO OUT (0] VCO output. When the VCO INHIBIT is high, VCO output is low.

FIN-A | Input reference frequency fREF |N) is applied to FIN-A.

FIN-B 5 | Input for VCO external counter output frequency f(FjN-g). FIN-B is nominally provided from the
external counter.

PFD OUT 6 O PFD output. When the PFD INHIBIT is high, PFD output is in the high-impedance state.

LOGIC GND 7 GND for the internal logic.

TEST 8 Connect to GND.

PFD INHIBIT 9 | PFD inhibit control. When PFD INHIBIT is high, PFD output is in the high-impedance state.

VCO INHIBIT 10 | VCO inhibit control. When VCO INHIBIT is high, VCO output is low.

VCO GND 11 GND for VCO.

VCO IN 12 | VCO control voltage input. Nominally the external loop filter output connects to VCO IN to control
VCO oscillation frequency.

RBIAS 13 | Bias supply. An external resistor (Rg|as) between VCO Vpp and Rgjas supplies bias for adjusting the
oscillation frequency range.

VCO Vpp 14 Power supply for VCO. This power supply should be separated from LOGIC Vpp to reduce

cross-coupling between supplies.
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detailed description

VCO oscillation frequency

The VCO oscillation frequency is determined by an external register (Rgjas) connected between the VCO Vpp
and the BIAS terminals. The oscillation frequency and range depends on this Resistor value. For the lock
frequency range, refer to the recommended operating conditions. Figure 1 shows the typical frequency

variation and VCO control voltage.

VCO Oscillation Frequency - f osc

VCO Oscillation Frequency Range

Bias Resistor (R gjas)

1/2Vpp
VCO Control Voltage (VCO IN)

Figure 1. Oscillation Frequency

VCO output frequency 1/2 divider
The TLC2933A SELECT terminal sets the fogc VCO output frequency as shown in Table 1. The 1/2 fogc output
should be used for minimum VCO output jitter.

VCO inhibit function

Table 1. VCO Output 1/2 Divider Function

SELLECT VCO OUTPUT
Low fosc
High 1/2 fosc

The VCO has an externally controlled inhibit function which inhibit the VCO output. A high level on the VCO
INHIBIT terminal stops the VCO oscillation and powers down the VCO. The output maintains a low level during

the power—down mode as shown in Table 2.

Table 2. VCO Inhibit Function

VCO INHIBIT VCO OSCILLATOR VCO OUT IDD(VCO)
Low Active Active Normal
High Stopped Low level Power Down

PFD operation

The PFD is a high-speed, edge-triggered detector with an internal charge pump. The PFD detects the phase
difference between two frequency inputs supplied to FIN-A and FIN-B as shown in Figure 2. Normally the
reference is supplied to FIN-A and the frequency from the external counter output is fed to FIN-B. For clock

recovery PLL system, other types of phase detectors should be used.
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FIN-A
| i
FIN-B | |
I |
e
PFD OUT | | |
HI-Z
l ——— VoL

Figure 2. PFD Function Timing Chart

PFD inhibit control

A high level on the PFD INHIBIT terminal places PFD OUT in the high-impedance state and the PFD stops
phase detection as shown in Table 3. A high level on the PFD INHIBIT terminal can also be used as the
power-down mode for the PFD.

Table 3. VCO Output Control Function

PFD INHIBIT DETECTION PFD OUT IDD(PFD)
Low Active Active Normal
High Stopped Hi-Z Power Down
VCO block schematic
RBIAS

BIAS

* |
1/2
Bias - VCO
VCOIN —eontrol Qutput - —Vvcoout
° _1

SELECT

VCO INHIBIT—|

PFD block schematic

[ = e e e e e g

Charge Pump |
V DI

|

|

|

|
|
' |
FIN-A —— I {>C
I
Detector | | PFD OUT
| ‘ |
FIN-B —— I I
| 11
| | = |
PFD INHIBIT S —— |
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abso

lute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Supply voltage (each supply), Vpp (SEE NOtE 1) . ...t 7V
Input voltage range (each input), Vi (seeNote 1) . ...t -0.5VtoVpp+05V
Input current (€ach INPUL), [N+« - oo e e e e e e +20 mA
Output current (each oUtPUL), I . ..o oo +20 mA
Operating free-air temperature range, Tao . ... e —20°C to 75°C
Storage temperature range, Tgg -« .- vvvvev et —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltages are with respect to GND.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 5.6 mW/°C.

recommended operating conditions

PARAMETERS MIN TYP MAX UNIT

Vpp=3V 2.85 3 3.15

Supply voltage (each supply, see Note 3) Vpp =33V 3.135 3.3 3.465 Y,
Vpp=5V 4.75 5 5.25

Input voltage, (inputs except VCO IN) 0 Vpp \

Output current, (each output) 0 +2 mA

\VCO control voltage at VCO IN 0.9 \Vpp \
Vpp =3V 30 55

Lock frequency Vpp =33V 30 60 MHz
Vpp=5V 43 110
Vpp =3V 2.2 5.1

Bias resisitor Vpp =33V 2.2 5.1 kQ
Vpp =5V 2.2 5.1

NOTE 3: Itis recommended that the logic supply terminal (LOGIC Vpp) and the VCO supply terminal (VCO Vpp) should be at the same voltage

and separated from each other.

electrical characteristics, V. pp =3V, Tp = 25°C (unless otherwise noted)
VCO section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VOH High level output voltage loH =-2mA 2.4 \%
VoL Low level output voltage loL=2mA 0.3 \
VTH Input threshold voltage at select, VCO inhibit 0.9 15 2.1 \%
I Input current at Select, VCO inhibit V| =Vpp or GND +1 uA
Z|(vcan) VCO IN input impedance VCO IN=1/2Vpp 10 MQ
IDD(INH)  VCO supply current (inhibit) See Note 4 0.41 1 HA
Ipprvco) VCO supply current See Note 5 11.7 23 mA

NOTES: 4. Currentinto VCO Vpp, when VCO INHIBIT = high, PFD is inhibited.

5. Current into VCO Vpp, when VCO IN = 1/2 Vpp, Rg|as = 3.3 kQ, VCOOUT = 15-pF Load, VCO INHIBIT = GND, and
PFD INHIBIT = GND.
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electrical characteristics, V. pp =3V, Ta = 25°C (unless otherwise noted) (continued)

PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

VOH High level output voltage loH =-2mA 2.4 \%
VoL Low level output voltage loL=2mA 0.3 \
loz High impedance state output current PFD inhibit = high, Vo = Vpp or GND +1 A
VIH High level input voltage at Fin-A, Fin—-B 2.1 \%
VL Low level input voltage at Fin—A, Fin—B 0.5 \%
VTH Input threshold voltage at PFD inhibit 0.9 15 21

CIN Input capacitance at Fin—-A, Fin-B 5.6 pF
ZIN Input impedance at Fin—-A, Fin-B 10 MQ
IDD(2) High impedance state PFD supply current | See Note 6 1 UA
IDD(PED)  PFD supply current See Note 7 3 mA

NOTES: 6. The currentinto LOGIC Vpp when FIN-A and FIN-B = ground, PFD INHIBIT = Vpp, PFD OUT open, and VCO OUT is inhibited.
7. The currentinto LOGIC Vpp when FIN-A =1 MHz and FIN-B = 1 MHz (V|(pp) = 3V, rectangular wave), PFD INHIBIT = GND, PFD
OUT open, and VCO OUT is inhibited.

operation characteristics, V. pp =3V, Ta = 25°C (unless otherwise noted)

VCO section
Parameter TEST CONDITIONS MIN TYP MAX UNIT
fosc Operation oscillation frequency RBiAs = 3.3kQ, VCO IN =1/2 Vpp 32 47 63 MHz
fsTB Time to stable oscillation (see Note 8) 10 us
tr Rise time CL=15pF 8.6 14 ns
tf Fall time CL=15pF 7.1 12 ns
Duty cycle at VCO OUT RBIAS =3.3kQ, VCOIN=1/2Vpp | 45% 50% 55%
o (fosc) Temperature coefficient of oscillation VCO IN =1/2 Vpp, -0.21 %I/°C
frequency Tp =-20°C to 75°C
ksvs Supply voltage coefficient of oscillation VCO IN =1/2 Vpp, 0.002 %/mV
(fosc) frequency Vpp =4.75 V10 5.25 V
Jitter absolute (see Note 9) PLL jitter, N = 128 262 ps

NOTES: 8. The time period to the stable VCO oscillation frequency after the VCO INHIBIT terminal is changed to a low level.
9. Jitter performance is highly dependent on circuit layout and external device characteristics. The jitter specification was made with
a carefully deigned PCB with no device socket.

PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fmax Maximum operation frequency 32 MH
tpLz PFD output disable time from low level 22 50 ns
tpHZ PFD output disable time from high level 21 50 ns
tpzL PFD output enable time to low level 6.5 30 ns
tpzH PFD output enable time to high level 7 30 ns
tr Rise time CL=15pF 34 10 ns
tf Fall time CL=15pF 1.9 10 ns
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electrical characteristics, V. pp = 3.3V, Ta = 25°C (unless otherwise noted)

VCO section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VOH High level output voltage loH=-2mA 2.64 \
VoL Low level output voltage loL=2mA 0.33 \
VTH Input threshold voltage at select, VCO inhibit 1.05 1.65 2.25 \Y
I Input current at Select, VCO inhibit V| =Vpp or GND +1 A
Zj(vcoN) VCO IN input impedance VCO IN =1/2 Vpp 10 MQ
IDD(INH) ~ VCO supply current (inhibit) See Note 10 0.44 1 A
Ippvco)  VCO supply current See Note 11 14.7 28 mA
NOTES: 10. Currentinto VCO Vpp, when VCO INHIBIT = high, PFD is inhibited.
11. Currentinto VCO Vpp, when VCO IN = 1/2 Vpp, Rp|as = 3.3 kQ, VCOOUT = 15-pF Load, VCO INHIBIT = GND, and
PFD INHIBIT = GND.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH High level output voltage loH =-2mA 2.97 \
VoL Low level output voltage loL=2mA 0.2 \%
loz High impedance state output current PFD inhibit = high, Vo = Vpp or GND +1 uA
VIH High level input voltage at Fin—-A, Fin—-B 2.1 \%
VL Low level input voltage at Fin—A, Fin—B 0.5 \
VTH Input threshold voltage at PFD inhibit 1.05 1.65 2.25
CIN Input capacitance at Fin—A, Fin-B 5.6 pF
ZIN Input impedance at Fin—-A, Fin-B 10 MQ
IDD(Z) High impedance state PFD supply current | See Note 12 1 HA
Ipb(PED)  PFD supply current See Note 13 3 mA

NOTES: 12. The currentinto LOGIC Vpp when FIN-A and FIN-B = ground, PFD INHIBIT = Vpp, PFD OUT open, and VCO OUT is inhibited.
13. The current into LOGIC Vpp when FIN-A =1 MHz and FIN-B = 1 MHz (V|(pp) = 3.3 V, rectangular wave), PFD INHIBIT = GND,

PFD OUT open, and VCO OUT is inhibited.

operation characteristics, V. pp = 3.3V, Tp = 25°C (unless otherwise noted)

VCO section
PARAMETER TEST CONDITIONS MIN TYP  MAX [ UNIT
fosc Operation oscillation frequency Rpjas = 3.3 kQ, VCO IN = 1/2 VDD 35 55 80 | MHz
fstb Time to stable oscillation (see Note 14) 10 us
tr Rise time CL=15pF 8.3 14 ns
tf Fall time CL=15pF 6.7 12 ns
fouTy Duty cycle at VCO OUT RBjAS = 3.3kQ, VCO IN =1/2 VDD 45% 50% 55%
o (fosc) Temperature coefficient of oscillation VCO IN =1/2 VDD, Tp =-20°C to 75°C —-0.232 %/°C
frequency
ksvs(fosc) Supply voltage coefficient of oscillation VCOIN=1/2Vpp, Vpp=4.75V1t05.25V 0.002 %/m
frequency \Y
Jitter absolute (see Note 15) PLL jitter, N = 128 211 ps

NOTES: 14. The time period to the stable VCO oscillation frequency after the VCO INHIBIT terminal is changed to a low level.
15. Jitter performance is highly dependent on circuit layout and external device characteristics. The jitter specification was made with
a carefully deigned PCB with no device socket.
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operation characteristics, V. pp = 3.3V, Tp = 25°C (unless otherwise

noted) (continued)

PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fmax Maximum operation frequency 40 MHz
tpLz PFD output disable time from low level 21 50 ns
tPHZ PFD output disable time from high level 21 50 ns
tpzL PFD output enable time to low level 5.8 30 ns
tpzH PFD output enable time to high level 6.2 30 ns
ty Rise time CL=15pF 3 10 ns
tf Fall time CL=15pF 1.7 10 ns
electrical characteristics, V. pp =5V, Tp = 25°C (unless otherwise noted)
VCO section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VoH High level output voltage loH =—-2mA 4 \Y
VoL Low level output voltage loL=2mA 0.5 \%
VTH Input threshold voltage at select, VCO 15 25 35 \
inhibit
1] Input current at select, VCO inhibit V| =Vpp or GND +1 A
Zj(vcoN) VCO IN input impedance VCO IN =1/2 Vpp 10 M(
IDD(inh) VCO supply current (inhibit) See Note 16 0.61 1 UA
IDD(vco)  VCO supply current See Note 17 35.5 55 mA
NOTES: 16. Currentinto VCO Vpp, when VCO INHIBIT = high, PFD is inhibited.
17. Current into VCO Vpp, when VCO IN = 1/2 Vpp, Rpjas = 3.3 kQ, VCOOUT = 15-pF Load, VCO INHIBIT = GND, and
PFD INHIBIT = GND.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VOH High level output voltage loH=-2mA 4.5 \%
VoL Low level output voltage loL=2mA 0.2 \Y
loz High impedance state output current PFD inhibit = high, Vg = Vpp or +1 UA
GND
VIH High level input voltage at Fin—-A, Fin—-B 4.5 \%
VL Low level input voltage at Fin—-A, Fin—B \%
VTH Input threshold voltage at PFD inhibit 15 25 35
CIN Input capacitance at Fin—A, Fin-B 5.6 pF
ZIN Input impedance at Fin—-A, Fin-B 10 MQ
IDD(2) High impedance state PFD supply current | See Note 18 1 UA
IDD(PED)  PFD supply current See Note 19 0.48 3 mA

NOTES: 18. The current into LOGIC Vpp when FIN-A and FIN-B = ground, PFD INHIBIT = Vpp, PFD OUT open, and VCO OUT is inhibited.
19. The currentinto LOGIC Vpp when FIN-A =1 MHz and FIN-B = 1 MHz (V|(pp) =5V, rectangular wave), PFD INHIBIT = GND, PFD
OUT open, and VCO OUT is inhibited
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operation characteristics, V. pp =5V, Tp = 25°C (unless otherwise noted)

VCO section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fosc Operation oscillation frequency RB|AS =3.3kQ, VCOIN =1/2Vpp 70 99 130 MHz
fsTB Time to stable oscillation (see Note 20) 10 us
tr Rise time CL=15pF 54 10 ns
tf Fall time CL=15pF 5 10 ns
fDuTyYy Duty cycle at VCO OUT RBjas =3.3kQ, VCOIN=1/2Vpp 45% 50% 55%
o (fosc)  Temperature coefficient of oscillation VCO IN =1/2 Vpp, Ta =-20°C to —-0.309 %/°C
frequency 75°C
ksvys(fos  Supply voltage coefficient of oscillation VCOIN=1/2Vpp, Vpp =4.75V 0.001 %/mV
o) frequency t0 5.25V
Jitter absolute (see Note 21) PLL jitter, N = 128 140 ps
NOTES: 20. The time period to the stable VCO oscillation frequency after the VCO INHIBIT terminal is changed to a low level.
21. Jitter performance is highly dependent on circuit layout and external device characteristics. The jitter specification was made with
a carefully deigned PCB with no device socket.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fmax Maximum operation frequency 65 MHz
tpLz PFED output disable time from low level 20 40 ns
tpHZ PFD output disable time from high level 20 40 ns
tpzL PFD output enable time to low level 4 20 ns
tpzH PFD output enable time to high level 4.3 20 ns
tr Rise time CL=15pF 2.1 10 ns
t Fall time CL =15pF 1.3 10 ns

*9 TEXAS
INSTRUMENTS

TI.COM



TLC2933A
HIGH PERFORMANCE PHASE LOCKED LOOP

SLES149 - OCTOBER 2005

PARAMETER MEASUREMENT INFORMATION

90% . 90%

VCO OUT
tr

Figure 3. VCO Output Voltage Waveform

VDD
FIN-A 50%
GND :

VDD
FIN-B S0 /—L
GND
VDD :
PFD INHIBIT
GND
VDD
PFD OUT
GND 202 : .
tozit ' onz' toz: oz
ot tf
Figure 4. PFD Output Voltage Waveform
Table 4. PFD Output Test Conditions

PARAMETER RL CL S1 S2

tpzH

tPHZ OPEN CLOSE

ty 1kQ 15 pF
tpzL
tpLz CLOSE OPEN
f
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PARAMETER MEASUREMENT INFORMATION

Measurement
Point
S1
R
o L
C
—
CL S2

Figure 5. PFD Output Test Conditions

fosc — VCO Oscilation Frequency NHz

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

VCO OSCILATION FREQUENCY
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Figure 8.
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Figure 10.

fosc - VCO Oscilation Frequency NHz

fosc — VCO Oscilation Frequency NHz
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Figure 11.
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fosc - VCO Oscilation Frequency NHz

fosc — VCO Oscilation Frequency NHz
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TYPICAL CHARACTERISTICS
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Figure 12.

VCO OSCILATION FREQUENCY
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Figure 14.
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Figure 13.
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TYPICAL CHARACTERISTICS

VCO Oscilation Frequency VCO Oscilation Frequency
Vs Vs
Bias resistor Bias resistor
Vdd=3.3V, VCOIN=1.6V, Ta=25'C Vdd=5V, VCOIN=2.5V, Ta=25'C
65 105
g 63 g 103
> 61 > 101 \
% 59 % 99
3 57 2 o7 .
% 55 % 95 \
= 51 & 5 o
& 49 &8 89
8 47 8 87
> 45 > 85
1 2 3 4 5 6 1 2 3 4 5
Rbias(kohm) Rbias(kohm)
Figure 16. Figure 17.
5 Temperature Coefficie\r}t Oscilation Frequency Temperature Coefficie\r); Oscilation Frequency
= S O . .
R Bias resistor 3 Bias resistor
& Vdd=3V, VCOIN=1.5V, Ta=-20'C to 75'C °> Vdd=3.3V, VCOIN=1.6V, Ta=—20'C to 75'C
c (]
g 0 5 0
o >
2 005 & -005
c =
% -0.1 é -0.1
g 015 S -015
5 02 32
5 — — o 02 . "o
— = v
£ 025 5 -025 —
c 03 o -0.3
£ kS
g —0.35 % -035
o] o
p 04 © -0.4
2 o
g 045 2 -045
g 0.5 g
E 1 2 3 4 5 6 e ~0.57 2 3 4 5
- Rbias(kohm) @ Rbias(kohm)
Figure 18. Figure 19.
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HIGH PERFORMANCE PHASE LOCKED LOOP

SLES149 - OCTOBER 2005

TYPICAL CHARACTERISTICS

Temperature Coefficient Oscilation Frequency

s
Bias resistor

Vdd=5.0V, VCOIN=2.5V, Ta=-20'C to 75’'C

VCO Oscila{i/on frequency

S
VCO Supply Voltage
VCOIN=1.5V, Ta=25'C

o
S
&
S 0 55
S -0.05 ~ 53
o} I
= -0.1 S b1
5] >
< -0.15 2 49
S S
2 =62 3 47 - - .
O 9 L oum hd
5 -0.25 = 45
£ -03 - = 2 43
£ -035 g @
S -04 o 39
4} @)
5 -045 > 37
g - 35
g 05 5 3 4 6 25 57 9 31 33 3,
E Rbias(kohm) VCO Supply Voltage (V)
Figure 20. Figure 21.
VCO Oscila{i/on frequency VCO Oscilation frequency
S Vs
VCO Supply Voltage VCO Supply Voltage
VCOIN=1.6V, Ta=25'C VCOIN=2.5V, Ta=25'C
N 65 105
T
= 63 ~ 103
> I
c 61 = 101
g >
o 59 2 99
9 S \
- =}
.E > g o \
8 55 = 95
© i)
g 583 7% ‘_g 93
(@] 91
3 51 8
> 49 o 89
O
47 > 87
45 85
2.8 3 3.2 3.4 3.8 4 4.5 5 55 6
VCO Supply Voltage (V)
VCO Supply Voltage (V)
Figure 22. Figure 23.
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TLC2933A

HIGH PERFORMANCE PHASE LOCKED LOOP

SLES149 - OCTOBER 2005

TYPICAL CHARACTERISTICS

E Supply Voltage Coefficient of Oscilation frequency
3 . Vs
< Bias resistor
9] Vdd=2.7V to 3.3V,VCOIN=1.5V, Ta=25'C
g 0.1
o
2 008
c
S 0.06
g
S 0.04
0
O 002
o o o V'S
= 0 > . o
Q
Lo -0.02
b5
o -0.04
o
o -0.06
8
§ -0.08
z 0 2 3 4 5 6
o
a Rbias (kohm)
Figure 24.
E Supply Voltage Coefficient of Oscilation frequency
= Vs
] Bias resistor
§ Vdd=4.5V to 5.5V,VCOIN=2.5V, Ta=25'C
S 01
(]
= 0.08
&
E 0.06
g 0.04
s 002
= 0 — 4 —é
@
(&}
g -0.02
]
8 -0.04
% -0.06
§ -0.08
>
2 01 2 3 4 5 6
A Rbias (kohm)
Figure 26.

Supply Voltage Coefficient of Oscilation frequency %/mV

RECOMMENDED LOCK FREQUENCY MHz

0.1
0.08
0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

-0.1

120

100

80

60

40

20

Supply Voltage Coeticient o uscliation frequency
Vs
Bias resistor
Vdd=3.0V to 3.6V,VCOIN=1.6V, Ta=25'C

4

2 3 4 5
Rbias (kohm)

Figure 25.

Recommended Lock frequency
Vs
Bias resistor
Vdd=2.85V to 3.15V, Ta=-20'C to 75'C

2 3 4 5
Rbias (kohm)

Figure 27.
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TLC2933A
HIGH PERFORMANCE PHASE LOCKED LOOP

SLES149 - OCTOBER 2005

RECOMMENDED LOCK FREQUENCY MHz

120

100

80

60

40

20

TYPICAL CHARACTERISTICS

Recommended Lock frequency Recommended Lock frequency
Vs Vs
Bias resistor Bias resistor
Vdd=3.135V to 3.465V, Ta=—20'C to 75'C N Vdd=4.75V to 5.25V, Ta=—20'C to 75’'C
= 120,
s
& 100 N
2
g \
4 80
Lo
N4
8 60
-
m
a 40
=4
=
= 20
@]
]
w 0
2 3 4 5 6 o 1 2 3 4 5 6
Rbias (kohm) Rbias (kohm)
Figure 28. Figure 29.
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 11-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLC2933AIPW Active Production TSSOP (PW) | 14 90 | TUBE Yes NIPDAU Level-1-260C-UNLIM -20to 75 Y2933A
TLC2933AIPW.B Active Production TSSOP (PW) | 14 90 | TUBE Yes NIPDAU Level-1-260C-UNLIM -20t0 75 Y2933A
TLC2933AIPWR Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -20to 75 Y2933A

TLC2933AIPWR.B Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -20to 75 Y2933A

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1


https://www.ti.com/product/TLC2933A/part-details/TLC2933AIPW
https://www.ti.com/product/TLC2933A/part-details/TLC2933AIPWR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLC2933AIPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1



i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 24-Jul-2025

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLC2933AIPWR TSSOP PW 14 2000 353.0 353.0 32.0

Pack Materials-Page 2



/2 TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 24-Jul-2025
TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TLC2933AIPW PW TSSOP 14 90 530 10.2 3600 35
TLC2933AIPW.B PW TSSOP 14 90 530 10.2 3600 35

Pack Materials-Page 3



PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N

INSTRUMENTS
www.ti.com




PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220202/B 12/2023

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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