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5 Pin Configuration

and Functions

DSBGA Package
36 Pin (YFP)
Top View
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Pin Functions

J
Not to scale

NAME PIN NO. 110 DESCRIPTION
VDD Al PWR Power supply input
GND A2 GND Device Ground
DA4N A3 110 Differential I/0
DA4P A4 110 Differential I/0

OE A5 I Output enable (Active Low)
SEL A6 | Channel Select
DB4N B1 110 Differential I/0
DB4P B2 110 Differential I/0
DA3N B3 110 Differential I/0
DA3P B4 110 Differential I/0
D4N B5 110 Differential I/0
D4P B6 110 Differential I/0
DB3N C1 110 Differential I/0
DB3P Cc2 110 Differential I/0

NC C3 - No connect

NC C4 - No connect

D3N C5 110 Differential I/0
D3P C6 110 Differential I/0
DB2N D1 110 Differential I/0
DB2P D2 110 Differential I/0
DA2N D3 110 Differential I/0

Copyright © 2018, Texas Instruments Incorporated
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Pin Functions (continued)

A PIN o 110 DESCRIPTION
DA2P D4 I/0 Differential 1/0

D2N D5 I/0 Differential 1/0

D2P D6 I/0 Differential 1/0

DB1N El I/0 Differential 1/0

DB1P E2 I/0 Differential 1/0

DA1IN E3 I/0 Differential 1/0

DA1P E4 I/0 Differential 1/0

D1N E5 I/0 Differential 1/0

D1P E6 I/0 Differential 1/0

CLKBN F1 I/0 Differential 1/0

CLKBP F2 I/0 Differential 1/0

CLKAN F3 I/0 Differential 1/0

CLKAP F4 I/0 Differential 1/0

CLKN F5 I/0 Differential 1/0

CLKP F6 I/0 Differential 1/0

4 Copyright © 2018, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)® @

MIN MAX UNIT
Vpp Supply Voltage -0.5 6 \%
Vio énalog voltage range (DxN, CLKN, DxP, CLKP, DAXN, CLKAN, DAXP, CLKAP, DBxN, 05 4 v
LKBN, DBxP, CLKBP)

VseL , Vo Digital Input Voltage (SEL, OE) -0.5 6 Y
T; Junction temperature -65 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage are with respect to ground, unless otherwise specified

6.2 ESD Ratings

VALUE UNIT
o :KlgsgsbgdA)//Jgg(le% (JHS?E\)AO)'l,p:IK pins® +2000
V(Esb) Electrostatic discharge - \%
Char_g'ed plewce model (CDM), per JEDEC +250
specification JESD22-C101, all pins®@
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Supply Voltage 1.65 55 \%
Vio Analog voltage range (DxN, CLKN, DxP, CLKP, DAXN, CLKAN, DAXxP, 0 36 vV
CLKAP, DBxN, CLKBN, DBxP, CLKBP)
Vsel, Vog  Digital Input Voltage (SEL, OE) 0 55 \%
o Continuous /O current -35 35 mA
Ta Operating ambient temperature -40 85 °C
T, Junction temperature -65 150 °C
6.4 Thermal Information
TS5MP645
THERMAL METRIC® YFP UNIT
36
Rosa Junction-to-ambient thermal resistance 57.6 °C/W
RoJc(top) Junction-to-case (top) thermal resistance 0.3 °C/W
Ross Junction-to-board thermal resistance 12.6 °C/W
YT Junction-to-top characterization parameter 0.2 °C/W
Y8 Junction-to-board characterization parameter 12.7 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

RN © 2018, Texas Instruments Incorporated
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6.5 Electrical Characteristics

Over operating free-air temperature range (unless otherwise noted)

PARAMETER

| TEST CONDITIONS

MIN TYP

MAX

UNIT

POWER SUPPLY

Ibp Active Supply Current

Vop=165Vto55V
OE=0V
SEL=0Vto55V
Dn, CLKn=0V

60

A

Iob_pp Power-down Supply current

Vpp =165V 1055V
OE = Vpp
SEL=0V105.5V
Dn, CLKn =0V

A

Ipb_Pp_1.8 Power-down Supply current

VDD = 1.65V t0 5.5 V
OE=18V
SEL=0Vt0o55V
Dn, CLKn=0V

10

A

DC CHARACTERISTICS

Ron_Hs On-state resistance

Vpp =1.65 V10 5.5V
OE=0V
Dn,CLKn = -8 mA, 0.2V

DAn, DBn, CLKANn, CLKBn =0.2 V, -8 mA

2.45

55

Ron_Lp On-state resistance

Vpp =1.65 V10 5.5V
OE=0V
Dn, CLKn = -8 mA, 1.2V

DAn, DBn, CLKANn, CLKBn =1.2 V, -8 mA

2.65

6.5

Ron_fiat_Hs On-state resistance flatness

Vpp =1.65 V10 5.5V
OE=0V
Dn, CLKn =-8 mA, 0V t0 0.3V

DAn, DBn, CLKANn, CLKBn =0V to 0.3 V,-8 mA

0.1

Ron_flat LP On-state resistance flatness

Vpp =1.65 V10 5.5V
OE=0V
Dn, CLKn =-8 mA, 0 Vto 1.3V

DAn, DBn, CLKAn, CLKBn =0V to 1.3V, -8 mA

0.9

On-state resistance match between+and -

ARON_Hs paths

Vpp =1.65 V10 5.5V
OE=0V
Dn, CLKn = -8 mA, 0.2 V

DAn, DBn, CLKANn, CLKBn =0.2 V, -8 mA

0.1

On-state resistance match between+and -

ARon_LP paths

Vpp =1.65 V10 5.5V
OE=0V
Dn, CLKn = -8 mA, 1.2V

DAn, DBn, CLKANn, CLKBn =1.2V, -8 mA

0.1

lorr Switch off leakage current

Vop=0V,165Vto55V
OE=0Vto55V
SEL=0Vto 55V

Dn, CLKNn=0Vto 1.3V

DAn, DBn, CLKAn, CLKBn=0Vto 1.3V

0.5

HA

lon Switch on leakage current

Vop=165Vt055V
OE=0V
SEL=0Vt055V

Dn, CLKNn=0Vto 1.3V

DAn, DBn, CLKANn, CLKBn=0Vto 1.3V

0.5

HA

DYNAMIC CHARACTERISTICS

tswiTcH Switching time between channels

Vpp = 1.65 V 10 5.5 V
OE=0V
Dn, CLKn = 0.6 V

DAn, DBn, CLKANn, CLKBn: R =50 Q, C, =5 pF

15

us

Maximum toggling frequency for the SEL
line

fSEL_mAX

Vpp = 1.65 V1055V
Dn, CLKn = 0.6 V

DAn, DBn, CLKAN, CLKBn: R =50 Q, C =1 pF

100

kHz

ton oF Device enable time OE to switch on

Voo =1.65V 1055V
Dn, CLKn = 0.6 V

DAn, DBn, CLKANn, CLKBn: R =50 Q, C =1 pF

50

300

us

ton_voD Device enable time Vpp to switch on

Vpp =0V to 1.65 V
Dn, CLKNn = 0.6 V

DAn, DBn, CLKANn, CLKBn: R =50 Q, C =1 pF

50

300

us

Copyright © 2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYP

MAX UNIT

torr_oE

Device disable time OE to switch off

Vpp = 1.65 V1055V
Dn, CLKn = 0.6 V
DAn, DBn, CLKAN, CLKBn: R.=50 Q, C,= 1 pF

0.5

torF_vbp

Device disable time Vpp to switch off

Vpp=5Vto0V

VDD ramp rate = 250 ps

Dn, CLKn = 0.6 V

DAn, DBn, CLKANn, CLKBn: R =50 Q, C = 1pF

0.5

tmin_OE

Minimum pulse width for OE

Vpp=1.65Vto55V
Dn, CLKn=0.6 V
DAn, DBn, CLKANn, CLKBn: R. =50 Q, C_ =1 pF

500

ns

teem

Break before make time

Vpp=1.65V1t055V

OE=0V

Dn, CLKNn=R_.=50Q, C, =1 pF
DAn, DBn, CLKAnN, CLKBn: 0.6 V

50

ns

tskew

Intrapair skew

Vpp=1.65V1t055V

OE=0V

Dn, CLKn=0.3V

DAn, DBn, CLKANn, CLKBn: R. =50 Q, C_ =1 pF

ps

tskew

Interpair Skew

Vpp=1.65V1t055V

OE=0V

Dn, CLKn=0.3V

DAn, DBn, CLKANn, CLKBn: R. =50 Q, C_ =1 pF

ps

Propagation delay with 100 ps rise time

Vpp=1.65V1t055V

OE=0V

Dn, CLKn=0.6 V

DAn, DBn, CLKANn, CLKBn: R. =50 Q, C_ =1 pF
trise = 100 ps

40

ps

Oiso

Differential off isolation

Vpp =1.65V

OE=0V, Vpp

SEL=0V, Vpp

Dn, CLKn, DAn, DBn, CLKAN, CLKBn: Rg =50 Q,
R.=50Q,C =1pF

V)0 = 200 mV + 200 mVpp (differential)

f=1250 MHz

-20

dB

XraLk

Differential channel to channel crosstalk

Vpp=1.65V1t055V

OE=0V, Vpp

SEL=0V, Vpp

Dn, CLKn, DAn, DBn, CLKAN, CLKBn: Rg =50 Q,
R.=50Q,C =1pF

V)0 = 200 mV + 200 mVpp (differential)

f=1250 MHz

dB

BW

Differential Bandwidth

Vpp=165Vto55V

OE=0V

SEL=0V, Vpp

Dn, CLKn, DAn, DBn, CLKAN, CLKBn: Rg = 50 Q,
R.=50Q,C =1pF

Vyjo = 200 mV + 200 mVpp (differential)

15 2

GHz

lLoss

Insertion Loss

Vop=165Vto55V

OE=0V

SEL =0V, Vpp

Dn, CLKn, DAn, DBn, CLKAN, CLKBn: Rg = 50 Q,
R.=50Q,C_=1pF

Vyjo = 200 mV + 200 mVpp (differential)

f =100 kHz

dB

Corr

Off capacitance

Vpp=1.65 V1055V
OE=0V, Vpp

SEL=0V, Vpp

Dn, CLKn, DA, DBn, CLKAN, CLKBh =0V, 0.2 V
f = 1250 MHz

15

pF

Con

On capacitance

Vpp=1.65 V1055V

OE = Vpp

SEL=0V, Vpp

Dn, CLKn, DAn, DBn, CLKAN, CLKBn =0V, 0.2 V
f = 1250 MHz

15

pF

Copyright © 2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT

DIGITAL CHARACTERISTICS

Viu Input logic high (SEL, OE) Vio=0.6V,R =509, C_ =5pF 1.425 5.5 \%
Vi Input logic low (SEL, OE) Vijo=0.6V,R =50Q, C, =5pF 0 0.5 \%
" Input high leakage current (SEL, OE) Vijo=0.6V,R =500, C =5pF -5 5 HA
I Input low leakage current (SEL, OE) Vijo=06V,R =50Q,C =5pF -5 5 PA

Internal pull-down resistance on digital _ _ _
Rpb input pins Vio=0.6V,R =509, C_=5pF 6 MQ
Csel, Coe Digital Input capacitance (SEL, OE) f=1MHz 5 pF
8 MY © 2018, Texas Instruments Incorporated
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6.6 Typical Characteristics

Frequency (Hz)

5. Off Isolation

4.5 4.5
= Ron (-40C) = Ron (-40C)
= Ron (25C) — Ron (25%)
4 Ron (85C) 4 Ron (85)
3.5 3.5
g g
O (]
4 4
25 2.5
2 2
1.5 1.5
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Input Voltage (V) Input Voltage (V)
1. Ron Vs Input Voltage. Vpp = 1.65 V 2. Ron Vs Input Voltage. Vpp = 3.3V
4.5 0
= Ron (-40C) -1 N
— RON (25@) 2 \
4 Ron (85C) 3 N\
-4
35 5 \
g g
z 3 c -7
5 £ \
4 S -8
25 -9
-10
-11
2 -12
13— Bandwidthi
1.5 -14
0 0.2 0.4 0.6 0.8 1 1.2 1.4 300000 1E+7 1E+8 1E+9 1E+10
Input Voltage (V) Frequency (Hz)
3. Ron Vs Input Voltage. Vpp = 5.5V 4. Differential Bandwidth
0 0
20 TN -20
A Y /
"/ AN\ /
-40 ! -40
—_ //’ —_ !‘""/ \'
g’
% % g
g 60 £ 60 T
[ [
o o
-80 -80
-100 1 -100 1
—— Off Isolation —— Crosstalk
-120 -120
100000 1000000 1E+7 1E+8 1E+9 1E+10 200000 1000000 1E+7 1E+8 1E+9 1E+10

Frequency (Hz)

6. Differential Crosstalk

RN © 2018, Texas Instruments Incorporated
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7 Parameter Measurement Information

/V\ Channel ON
P Ron = V/|0N

Vijo

O—»0

Switch lon

Copyright © 2018, Texas Instruments Incorporated

7. On Resistance

v
" (a oo A ), Vio

Switch

8. Off Leakage

Vio o |

O Switch

9. On Leakage

VI/OA

Vio O/Ivo v
| 0B
1 O—
SEL | %
|

VSEL

18V 18V
Vs Vie 1 Vin VseL 1 Vin ViL
! | : oV : | ! ov
tswircH H— ,4—>: tswiren tswitcn & H—F:tSW\TCH
30 | Vio | Vio

Vioa % I 20 % Vios 80 % I 20 %
ov oV

Copyright © 2018, Texas Instruments Incorporated

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q , t, = 3 ns,
tt=3ns.

(2) C_includes probe and jig capacitance.

10. tgyten timing

10 MY © 2018, Texas Instruments Incorporated
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Parameter Measurement Information (3T R)

Vio

o
IOE >__i

Vioe

1.65V
Vop
\_/Tio 1.8V

V/OE Vie 1 Vi

CL RL | : 0 V

ton > > torr
= | Vio
V|/o 90 % 10 % oV

Copyright © 2018, Texas Instruments Incorporated

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q , t, = 3 ns,

tt=3ns.
(2) C,includes probe and jig capacitance.

11. toy and tope Timing for OE

Network Analyzer

Switch

500 —»  DXP Q/'O
AN 50 Q%
O me
Source =
Signal
= 50 Q »O—
—» DXN

A% 50 Q
Source O =
Signal

50 Q

Copyright © 2018, Texas Instruments Incorporated

12. Off Isolation

RN © 2018, Texas Instruments Incorporated
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Parameter Measurement Information (3T R)

Network Analyzer Switch

50

v

DXP

50 Q

P g

29
S <
Do
(0]

= 500 —» DXN

A%
Source
Signal é\-])

<+ DXP

50
50 Q%

<+ DXN

TX Y TE\ Y

3
o)
T

Copyright © 2018, Texas Instruments Incorporated

13. Crosstalk

Network Analyzer Switch
50Q —»  DXN O
AN \o 50 o§
Source =
Signal
= 50 Q —» DXP O
o Oy 50Q
Source =
Signal
= “«
50 Q
<_

Copyright © 2017, Texas Instruments Incorporated

14. BW and Insertion Loss
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Parameter Measurement Information (3T R)

Generator Switch
50 Q D1P
AN O/VO DX1P 50 %
§ c _
Sgurce 50 Q % -
Signal
= 50 Q DIN
MA O/vo DXIN 50 §
? o— T
S_ource 50Q
Signal
= 50 Q D2P
AN O/VO DX2P 50 %
§ c _
Sgurce 50 Q % -
Signal
= 50 Q D2N
MA O/vo DX2N 50 §
? o— T
S_ource 50Q
Signal
= 50Q D3P
AN O/VO DX3P 50 %
§ c _
Sgurce 50 Q % -
Signal
= 50 Q D3N
A O/vo DX3N 50 §
? o— T
S_ource 50Q
Signal
= 50 Q D4P
A O/vo DX4P 50 §
§ c _
Sgurce 50 Q % -
Signal
= 50 Q D4N
A O/vo DX4N 5 §
? o— T
S_ource 50Q
Signal
= 50 Q CLKP
AN O/VO CLKXP 50 %
§ c _
Sgurce 50 Q % -
Signal
- %00 CLKN O/vo CLKXN
AN 50 %
? o— T
S_ource 50Q
Signal

Copyright © 2017, Texas Instruments Incorporated

15. tpp, tskewgnTra) @Nd tgkew Setup
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Parameter Measurement Information (3T R)

DXX/CLKX X 50% >‘< 50%
| |

DXXXICLKXX x 50% x 50%

(1) All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q , t, = 100

ps, t; = 100 ps.
(2) C_includes probe and jig capacitance.
16. tpp
DXX/CLKX >< 50% >< 50%

DXXXICLKXX X&K 50% 7{4\— 50%

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q , t, = 100
ps, t; = 100 ps.

(2) C_includes probe and jig capacitance.

17. tSKEW

14 MY © 2018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ts5mp645?qgpn=ts5mp645
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TS5MP645

www.ti.com.cn ZHCSHH3B —JANUARY 2018 —-REVISED JULY 2018

Parameter Measurement Information (3T R)

tskew
DX/CLKX X X
| | | |
tSKEW—’: :4— —’: :4— tskew
| | | |
L L L L
DX1 :% 50% :% 50%
L L
| | | |
| | | |
| | | |
| | | |
| | | |
1 L 1 L
DX2 %: 50% %: 50%
L L
| | | |
| | | |
| | | |
| | | |
| | | |
L | L |
DX3 : xSO% : x 50%
L L
| |
| |
| |
| |
| |
L L
DX4 :X 50% :X50%
L L
| |
| |
| |
| |
| |
| |
CLK x 50% Xso%

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 =50 Q , t, = 100
ps, t; = 100 ps.

(2) C, includes probe and jig capacitance.
(3) tskanTER) is the max skew between all channels. Diagram exaggerates tsxnter) to sShow measurement technique

18. tSKEW

0.6V

Vio O/.'C
J_ | VseL / \
O
SEL >
-= 0.6V
O — — pp— —
= Vio 80% v I\ [
VseL

| | | |
tggm = —» 4= tggm

Copyright © 2017, Texas Instruments Incorporated

(1) Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q , t, = 3 ns,
tt=3ns.

(2) C, includes probe and jig capacitance.

19. tBBM
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8 Detailed Description

8.1 Overview

The TS5MP645 is a high-speed 4 Data lane 2:1 MIPI Switch. The device includes 10 channels (5 differential)
with 4 differential data lanes and 1 differential clock lane for D-PHY, CSI or DSI. The switch allows a single MIPI
port to interface between two MIPI modules, expanding the number of potential MIPI devices that can be used
within a system that is MIPI port limited.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Powered-Off Protection

When the TS5MP645 is powered off (VDD = 0 V) the I/Os and digital logic pins of the device will remain in a high
impedance state. The crosstalk, off-isolation, and leakage remains within the electrical specifications. This
prevents errant voltages from reaching the rest of the system and maintains isolation when the system is
powering up.

20 shows an example system containing a switch without powered-off protection with the following system
level scenario

1. Subsystem A powers up and starts sending information to Subsystem B that remains unpowered.

2. The I/O voltage back powers the supply rail in Subsystem B.

3. The digital logic is back powered and turns on the switch. The signal is transmitted to Subsystem B before it
is powered and damages it.

Unpowered
Powered P LDO

|

Subsystem A Subsystem B

Switch €

20. System Without Powered-Off Protection

With powered-off protection, the switch prevents back powering the supply and the switch remains high-
impedance. Subsystem B remains protected.

Unpowered

Powered T LDO

VDD

Protection
|

Subsystem A Subsystem B

Switch

21. System With Powered-Off Protection

This features has the following system level benefits.

» Protects the system from damage.
» Prevents data from being transmitted unintentionally

» Eliminates the need for power sequencing solutions reducing BOM count and cost, simplifying system design
and improving reliability.

M © 2018, Texas Instruments Incorporated 17
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Feature Description (ETN)
8.3.2 1.8V Logic Compatible Inputs

The TS5MP645 has 1.8 V logic compatible digital inputs for switch control. Regardless of the Vpp voltage the
digital input thresholds remained fixed, allowing a 1.8 V processor GPIO to control the TS5MP645 without the
need for an external translator. This saves both space and BOM cost.

An example setup for a system without a 1.8 V logic compatible input is shown in 22. Here the supply
mismatch between the process and its GPIO output and the supply to the switch require a translator.

33V

Processor

22. System Without 1.8 V Logic Compatible Inputs

With the 1.8 V logic compatibility in the TS5MP645, the translator is built in to the device so that the external
components are no longer needed, simplifying the system design and overall cost.

33V
1.8V

Processor

Switch

23. System With 1.8 V Logic Compatible Inputs

8.3.3 Low Power Disable Mode

The TS5MP645 has a low power mode that places all the signal paths in a high impedance state and lowers the
current consumption while the device is not in use. To put the device in low power mode and disable the switch,
the output enable pin OE must be supplied with a logic high signal.

18 WX © 2018, Texas Instruments Incorporated
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8.4 Device Functional Modes

8.4.1 Pin Functions
SEL and OE have weak 6-MQ pulldown resistors to prevent floating input logic.

i 1. Function Table

OE SEL Function
H X 1/0 pins High-Impedance
L L CLK(P/N) = CLKA(P/N)

Dn(P/N) = DAn(P/N)
L H CLK(P/N) = CLKB(P/N)

Dn(P/N) = DBn(P/N)

8.4.2 Low Power Mode

While the output enable pin OE is supplied with a logic high the device remains in low power state. This reduces
the current consumption substantially and the switches are be high impedance. The SEL pin is ignored while the
OE remains high. Upon exiting low power mode, the switch status reflects the SEL pin as seen in & 1.

8.4.3 Switch Enabled Mode

While the output enable pin OE is supplied with a logic low the device will remain in switch enabled mode.

RN © 2018, Texas Instruments Incorporated 19
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9 Application and Implementation

x

/.

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

9.2 Typical Application

24 represents a typical application of the TS5MP645 MIPI switch. The TS5MP645 is used to switch signals
between multiple MIPI modules and a single MIPI port on a processor. This expands the capabilities of a single
port to handle multiple MIPI modules.

165V-55V

T
I

2.2 uF

|||—| |—o

—
Data[1:4] CLK
MIPI Module 1 Data[14]
TS5MP645 I
CLK 4-Data Lane Processor
Data[1:4]
MIPI Module 2 SEL
J/OE

24. Typical TS5MP645 Application

9.2.1 Design Requirements

Design requirements of the MIPI standard being used must be followed. Supply pin decoupling capacitors of 2.2
pF and 100 nF are recommended for best performance. The TS5MP645 has internal 6-MQ pulldown resistors on
SEL and OE. The pulldown on these pins ensure that the digital remains in a non-floating state during system
power-up to prevent shoot through current spikes and an unknown switch status. By default the switch will power
up enabled and with the A path selected until driven externally by the processor.

9.2.2 Detailed Design Procedure

The TS5MP645 can be properly operated without any external components. However, Tl recommends that
unused 1/O signal pins be connected to ground through a 50 Q resistor to prevent signal reflections and maintain
device performance. The NC pins of the device do not require any external connections or terminations and have
no connection to the rest of the device internally.

The clock and data lanes can be interchanged as necessary to facilitate the best layout possible for the
application. For example the clock can be placed on the D1 channel and a data lane can be used on the CLK
channel if this improves the layout. In addition the signal lines of the TS5MP645 are routed single ended on the
chip die. This makes the device suitable for both differential and single-ended high-speed systems.

20 WX © 2018, Texas Instruments Incorporated
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Typical Application (3ETR)
9.2.3 Application Curves

Gain (dB)

10 Power Supply Recommendations

T 4
7

A

b udh bbbk o

'
'
©

—— Bandwidth i

1E+9 1E+10

25. Differential Bandwidth

When the TS5MP645 is powered off (Vpp = 0 V), the 1/0Os of the device remains in a high-Z state. The crosstalk,
off-isolation, and leakage remain within the electrical Specifications. Power to the device is supplied through the
VDD pin. Decoupling capacitors of 100 nF and 2.2 pF are recommended on the supply.

RN © 2018, Texas Instruments Incorporated
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11 Layout

11.1 Layout Guidelines

Place the supply de-coupling capacitors as close to the VDD and GND pin as possible. The spacing between the
power traces, supply and ground, and the signal 1/O lines, clock and data, should be a minimum of three times
the race width of the signal I/O lines to maintain signal integrity.

The characteristic impedance of the trace(s) must match that of the receiver and transmitter to maintain signal
integrity. Route the high-speed traces using a minimum amount of vias and corners. This will reduce the amount
of impedance changes.

When it becomes necessary to make the traces turn 90°, use two 45° turns or an arc instead of making a single
90° turn.

Do not route high-speed traces near crystals, oscillators, external clock signals, switching regulators, mounting
holes or magnetic devices.

Avoid stubs on the signal lines.

All /O signal traces should be routed over a continuous ground plane with no interruptions. The minimum width
from the edge of the trace to any break in the ground plane must be 3 times the trace width. When routing on
PCB inner signal layers, the high speed traces should be between two ground planes and maintain characteristic
impedance.

High speed signal traces must be length matched as much as possible to minimize skew between data and clock
lines.

11.2 Layout Example

VIA to VIA to
power plane ground plane
C
c To Control
Logic
»
/OE i SEL
DaN § { Dap
To MIPI .""I—DB;\'. .""IE)B;\'. PR LT kY
(N L% dme ) {ne b {oany { o ) To MIPI Port
IVI Od u I es pSe ol Meeaaen ol \‘____‘a‘ Meaaet 5 pUSR e pSe ol
------------- »
D2N § { D2p
DIN } | D1P
S e
N P/

26. Layout Example
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YFP0036 @'

PACKAGE OUTLINE
DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

BALLA1— [
CORNER

D: Max = 2.45 mm, Min = 2.39 mm

E: Max = 2.45 mm, Min = 2.39 mm

¢
JO6 0000 O]

. 000000 om
TYP c (:) C:) (:)(:) (:) (:)
;0O OO0 O O
’ oz
[04]rYP ! 1 2] C;?CB C5> C6> \%\0.0‘1@\0‘/\@‘3@‘
LH"LAAIIIFYP

4222013/A 04/2015

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(#0.23)
METAL

SOLDER MASK
OPENING

DEFI

NON-SOLDER MASK
(PREFERRED)

LAND PATTERN EXAMPLE
SCALE:25X

METAL UNDER
SOLDER MASK

[_7 0.05 MAX f

\
\

;

0.05 MIN ——‘ j*

’
'
'
v
\
.

.

(0.23)
SOLDER MASK
OPENING

SOLDER MASK

NED DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4222013/A 04/2015

NOTES: (continued)

3. Final dimensions may vary due to manufact
For more information, see Texas Instrument:

uring tolerance considerations and also routing constraints.
s literature number SNVA009 (www.ti.com/lit/snva009).
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YFP0036

EXAMPLE STENCIL DESIGN
DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP
36X ((0.25)

; (R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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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 ©)
@ ©)
TS5MP645NYFPR NRND Production DSBGA (YFP) | 36 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TS5MP645
TS5MP645NYFPR.A NRND Production DSBGA (YFP) | 36 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TS5MP645
TS5MP645YFPR NRND Production DSBGA (YFP) | 36 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 TS5MP645
TS5MP645YFPR.A NRND Production DSBGA (YFP) | 36 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 TS5MP645

@ 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 TI'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.
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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 —>| AO |<—
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 O O O 0O O 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)
TS5MP645NYFPR DSBGA | YFP 36 3000 180.0 8.4 258 | 258 | 0.62 | 4.0 8.0 Q1
TS5MP645YFPR DSBGA | YFP 36 3000 330.0 12.4 258 | 258 | 0.62 | 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TS5MP645NYFPR DSBGA YFP 36 3000 182.0 182.0 20.0
TS5MP645YFPR DSBGA YFP 36 3000 335.0 335.0 25.0
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% PACKAGE OUTLINE
YFP0OO036 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

1
05MAX |
|
600000
1000000 — —
! D: Max = 2.45 mm, Min = 2.39 mm
Dg 88+88 8 _ S 1B Max = 2.45 mm, Min = 2.39 mm
TYP c \
+{® O 00 O Q,
] | \36X¢8'§?
1600000 it e
YP

4222013/A 04/2015

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFP0OO036 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

f«—— (0.4) TYP
| |

36X (©0.23)
1 2 3
B3SO

i

LAND PATTERN EXAMPLE
SCALE:25X

1

(®0.23) 0.05 MAX 0.05 MIN METAL UNDER
METAL ,,_\f SOLDER MASK
4 \‘
1
1

SOLDER MASK Seaa? (©0.23)
OPENING SOLDER MASK
OPENING
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4222013/A 04/2015

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFP0OO036 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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