PERICOM

P16ULS5V9509

Level Translating 1°C-Bus/SMBus Repeater with Tiny Package

Features

 Bidirectional buffer isolates capacitance and allows
400 pF on port B of the device

* Port A operating supply voltage range of 1.1V to

Veep) - 1.0V

Port B operating supply voltage range of 2.5V to

55V

Voltage level translation from 1.1V t0 V¢ -

1.0Vand from25Vto55V

* Requires no external pull-up resistors on lower
voltage port A

e Open-drain port B inputs/outputs

* Lock-up free operation

* Supports arbitration and clock stretching across the
repeater

 Accommodates Standard-mode and Fast-mode I1°C-
bus devices and multiple masters

* Powered-off high-impedance 1°C-bus pins

e 5V tolerant B SCL, SDA and enable pins

* 0 Hz to 400 kHz clock frequency (Remark: The
maximum system operating frequency may be less
than 400 kHz because of the delays added by the
repeater.)

» ESD protection exceeds 8KV HBM per JESD22-
All4

* Package: MSOP-8, SOIC-8 and UQFN1.6x1.6-8L

Pin Configuration
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UQFN1.6x1.6-8L(Top View)

Description

The PI6BULS5V9509 is a level translating I°C-
bus/SMBus repeater. It can provide bidirectional level
translation between low voltage (down to 1.1V) and
higher voltage (2.5V to 5.5V) in mixed-mode
applications. And it enables I°C and similar bus system
to be extended, without degradation of performance
even during level shifting.

The PIBULS5V9509 enables the system designer to
isolate two halves of a bus for both voltage and
capacitance, accommodating more I1°C devices or longer
trace length. It also permits extension of the 1°C-bus by
providing bidirectional buffering for both the data (SDA)
and the clock (SCL) lines, thus allowing two buses of
400 pF to be connected in an I°C application.

The bus port B drivers are compliant with SMBus
I/O levels, while port A wuses a current sensing
mechanism to detect the input or output LOW signal
which prevents bus lock-up. Port A uses a 1 mA current
source for pull-up and a 200Q pull-down driver. This
result in a LOW on the port A accommodating smaller
voltage swings. The output pull-down on the port A
internal buffer LOW is set for approximately 0.2V,
while the input threshold of the internal buffer is set
about 50 mV lower than that of the output voltage LOW.
When the port A 1/O is driven LOW internally, the LOW
is not recognized as a LOW by the input. This prevents a
lock-up condition from occurring. The output pull-down
on the port B drives a hard LOW and the input level is
set at 0.3 of SMBus or I°C-bus voltage level which
enables port B to connect to any other I°C-bus devices or
buffer.

The PIBULS5V9509 drivers are not enabled unless
Ve is above 0.8 V and Ve is above 2.5 V. The
enable (EN) pin can also be used to turn the drivers on
and off under system control. Caution should be
observed to only change the state of the EN pin when the
bus is idle.

Pin Description

Pin No | Pin Name Description
1 Ve port A supply voltage
2 Al port A (lower voltage side)
3 A2 port A (lower voltage side)
4 GND supply ground (0 V)
5 EN active HIGH repeater enable input
6 B2 port B (SMBus/I°’C-bus side)
7 B1 port B (SMBus/I°C-bus side)
8 Veem port B supply voltage
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PERICOM

PI6ULS5V9509
Level Translating 1°C-Bus/SMBus
Repeater with Tiny Package

Block Diagram

Al

EN

B1

GMD

Figure 1: Block Diagram

Maximum Ratings

Storage Temperature -559C to +1259C
Supply Voltage port B 05Vt +6.0V
Supply Voltage port A 05Vto+6.0V
DC Input Voltage 05Vt +6.0V
Control Input VVotage(EN) 05Vto+6.0V
Total POWer DISSIPALON. .......c.cevviverieieiterieie st 100mA
InputfOutput Current (DOMAGB) .......c.evveieiiie e 20mA
Input Current (EN, Voo Voogy GND) .., 20mA
ESD: HBM Mode 8000V

Recommended operation conditions
GND =0 V; Tamb = -40 °C to +85 °C; unless otherwise specified

Note:

EN Function

Al =B1;
H A2=B2;
L disabled

Stresses greater than those listed under MAXIMUM
RATINGS may cause permanent damage to the
device. This is a stress rating only and functional
operation of the device at these or any other condi-
tions above those indicated in the operational sec-
tions of this specification is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect reliability.

Symbol Parameter Test Conditions Min | Typ™ Max Unit
VCC@) supply voltage port B - 25 - 55 V
VCCa) supply voltage port A - 11 - Veee) -1.0 V

all port A static HIGH 0.25 0.45 0.9
leca supply current on pin Vega mA
all port A static LOW 1.25 3.0 5
lcc) supply current on pin Ve all port B static HIGH 0.5 0.9 1.1 mA
Note:

[1] Typical values with Ve = 1.1V, Ve =5 V.
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PI6ULS5V9509
Level Translating 1°C-Bus/SMBus
Repeater with Tiny Package

DC Electrical Characteristics
GND =0 V; Tamb = -40 °C to +85 °C; unless otherwise specified

Parameter Description Test Conditions | Min | Typ™ | Max [ Unit
Input and output of port A (A1&A2)
V4 HIGH-level input voltage - 0.7Veca) - Veew)
\%
v, @ LOW-level input voltage - 0.5 - +0.3
Vie contention LOW-level input i 05 +0.15 i
voltage
Vi input clamping voltage I.=-18 mA -1.5 - -0.5
I input leakage current Vi= Ve - - + nA
I LOW-level input current SDA, SCL;V,=0.2V -1.5 -1.0 -0.45 mA
VCC(A) =0.95Vtol.2Vv - 0.18 0.25
VoL LOW-level output voltage Veew=> 1.2V to 0.2 03 \
Veewm—1V) ' '
difference between LOW-level
Vor-ViLe output and LOW-level input guaranteed by design - 50 - mVv
voltage contention
HIGH-level output leakage _
ILo current P g Vo = Ve - - 10 HA
Cio input/output capacitance - - 6 - pF
Input and output of port B (B1&B2)
Vi HIGH-level input voltage - 0.7Vcem) - Ve
. 103 v
Vi LOW:-level input voltage - -0.5 - v '
CC(B)
Vik input clamping voltage I,=-18 mA -1.5 - -0.5 \%
I input leakage current V=36V -1 - 1 pA
I LOW-level input current V=02V - - 10 pA
VoL LOW-level output voltage loo = 6 MA - 0.1 0.2 \V
HIGH-level output leakage _ i i
lLon current Vo=36V 10 pA
Cio input/output capacitance - - 3 - pF
Enable
Vi HIGH-level input voltage - 0.9V - Ve \Y
VL LOW-level input voltage - -0.5 - 0.1 \V
Veca
. V,=0.2 V, EN;
I LOW:-level input current Vee = 3.6V -1 - +1 pA
I input leakage current V,=Vcc -1 - +1 pA
G input capacitance V,=3.0VoroVv - 2 - pF
Note:

1. Typical values with Veciay = 1.1V, Ve =5 V.

2. V). specification is for the falling edge seen by the port A input. V, ¢ is for the static LOW levels seen by the port A input
resulting in port B output staying LOW.
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PERICOM

Dynamic characteristics
Vcew)=1.1V; Vee®)=3.3V (

Symbol Parameter Test Conditions Min Typ | Max Unit
tpLy LOW-to-HIGH propagation delay | port B to port A - 65 216 ns
tpL HIGH-to-LOW propagation delay | port B to port A - 25 140 ns
- hggv to HIGH output transition port A 14 22 9% ns
i i—ilrln(zH to LOW output transition port A ) 20 ) ns
toLH LOW to HIGH propagation delay | port A to port B - -69 -139 ns

port A to port B; measured from
thn 2 LOW to HIGH propagation delay | the 50 % of initial LOW on port A - 100 226 ns

to 1.5 V rising on port B
tpL HIGH to LOW propagation delay | port A to port B 20 50 183 ns
to 121 hgg\/ to HIGH output transition port B i 61 i ns
i ;'rlnGeH to LOW output transition port B 1 2 40 ns
ty set-up time EN HIGH before START condition 100 - - ns
t, hold time EN HIGH after STOP condition 100 - - ns
Vcer)=19V; Vee®) =5.0V (

Symbol Parameter Test Conditions Min Typ | Max Unit
tpLn LOW-to-HIGH propagation delay | port B to port A - 75 216 ns
tpuL HIGH-to-LOW propagation delay | port B to port A - 20 140 ns
o hg\év to HIGH output transition port A 14 27 96 ns
tri ErichH to LOW output transition port A ) 20 ) ns
toLn LOW to HIGH propagation delay | port A to port B - -69 -139 ns

port A to port B; measured from
toL 2 LOW to HIGH propagation delay | the 50 % of initial LOW on port A - 91 226 ns
to 1.5 V rising on port B
toL HIGH to LOW propagation delay port A to port B 20 50 183 ns
2] LOW to HIGH output transition
tr time port B - 65 - ns
tr ri'rInCZH to LOW output transition port B 1 2 40 ns
[ set-up time EN HIGH before START condition 100 - - ns
t, hold time EN HIGH after STOP condition 100 - - ns
Note:
[1] Load capacitance = 50 pF; load resistance on port B = 1.35 k
[2] Value is determined by RC time constant of bus line
Zi Vooe) Voo
input 0.5Vceys) ; 0.5Vce(B) input 0. EVCC\A} %D SVeoa)
0.1V
tPHL tPLH tPHL tPLH
- - Vo) o - Vee(e)
output 70% 0.5Vcga) 0-9Vecqa) 0% output & 0. JVCC‘E} 0.5Vees) 70%
30%  30% 0% 30 %
N Vol
= =tTHL — ~=t7H ==l le—trHL ~—1TLH
Figure 2: Propagation Delay and Transition Times B2>A Figure 3: Propagation Delay and Transition Times A>B
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input
port A

50 % of initial value

output
port B
1

Figure 4: Propagation delay from the port A’s external driver switching off to port B LOW-to-HIGH transition; (A->B)
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R, = load resistor; 1.35 k2 on port B

C| = load capacitance includes jig and probe capacitance; 50 pF

R+ = termination resistance should be equal to Z, of pulse generators

Veois)

Veomw) Moo
R I

Vo
PULSE OPEN-DRAIN
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~
GEMERATOR EUFFER " B DUT A
R i ICL

R, = load resistor; 1.35 k{2 on port B
C_ = load capacitance includes jig and probe capacitance; 50 pF

Rt = termination resistance should be equal to Z, of pulse generators
Figure 5: Test Circuit
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Functional Description

The PI6ULS5V9509 is a level translating 1°C-bus/SMBus repeater. It can provide bidirectional level translation
between low voltage (down to 1.1V) and higher voltage (2.5V to 5.5V) in mixed-mode applications. And it enables
I°C and similar bus system to be extended, without degradation of performance even during level shifting.

The PI6ULS5V9509 enables the system designer to isolate two halves of a bus for both voltage and capacitance,
accommodating more I°C devices or longer trace length. It also permits extension of the 1°C-bus by providing
bidirectional buffering for both the data (SDA) and the clock (SCL) lines, thus allowing two buses of 400 pF to be
connected in an 1°C application.

The bus port B drivers are compliant with SMBus 1/O levels, while port A uses a current sensing mechanism to
detect the input or output LOW signal which prevents bus lock-up. Port A uses a 1 mA current source for pull-up and
a 200 Q pull-down driver. This result in a LOW on the port A accommodating smaller voltage swings. The output
pull-down on the port A internal buffer LOW is set for approximately 0.2 V, while the input threshold of the internal
buffer is set about 50 mV lower than that of the output voltage LOW. When the port A I/O is driven LOW internally,
the LOW is not recognized as a LOW by the input. This prevents a lock-up condition from occurring. The output pull-
down on the port B drives a hard LOW and the input level is set at 0.3 of SMBus or 1°C-bus voltage level which
enables port B to connect to any other 1°C-bus devices or buffer.

The PIGULS5V9509 drivers are not enabled unless Ve is above 0.8 V and Ve, is above 2.5 V. The enable
(EN) pin can also be used to turn the drivers on and off under system control. Caution should be observed to only
change the state of the EN pin when the bus is idle.

Application Information

A typical application is shown in Figure 6. In this example, the system master is running on a 1.1 V 1°C-bus while
the slave is connected to a 3.3 V bus. Both buses run at 400 kHz. Master devices can be placed on either bus.

When port B of the PIBULS5V9509 is pulled LOW by a driver on the I’C-bus, a CMOS hysteresis detects the
falling edge when it goes below 0.3Vccg and causes the internal driver on port A to turn on, causing port A to pull
down to about 0.2 V. When port A of the PIBULS5V9509 falls, first a comparator detects the falling edge and causes
the internal driver on port B to turn on and pull the port B pin down to ground. In order to illustrate what would be
seen in a typical application, refer to Figure 7 and Figure 8. If the bus master in Figure 6 were to write to the slave
through the PIBULS5V9509, waveforms shown in Figure 7 would be observed on the B bus. This looks like a normal
I°C-bus transmission.

On the A bus side of the PIBULS5V9509, the clock and data lines would have a positive offset from ground equal
to the V. of the PIBULS5V9509. After the eighth clock pulse, the data line will be pulled to the VoL of the master
device, which is very close to ground in this example. At the end of the acknowledge, the level rises only to the LOW
level set by the driver in the PIGULS5V9509 for a short delay while the B bus side rises above 0.5 V¢ then it
continues HIGH. It is important to note that any arbitration or clock stretching events require that the LOW level on
the A bus side at the input of the PIBULS5V9509 (V,,.) is below V, ¢ to be recognized by the PIBULS5V9509 and then
transmitted to the B bus side.
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11V PI6ULS5V9509
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Figure 6: Typical Application
9th CLOCK PULSE — ACKNOWLEDGE
*—
SCL .
I '
| |
SDA -
—| i | I|-| -| H |_
| |
1|
I

Figure 7: Bus B 1°C/SMBusWaveform
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Figure 8: Bus A Lower Voltage Waveform
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Mechanical Information

MSOP-8L
003 DOCUMENT CONTROL NO.
0256 BSC PD- 1261
—'| -«
8 REVISION: D
DATE: 04/30/02
| ‘ | Gauge L
: : ‘ Plane - A
o101 Niwat o ':D-_i;—___;_
114 Y - 2/ eo
12 193 15" Max. | oz5 076
— T ' BSC 040
2.90 037 1« L
a.10| 420 [0.95] 0.70
REF Detail A
@) 1
112 (2.85
H H H H 120 Detail A
1 ] —»| =15 MAX Y 4
114 [2.90 / \
~— 1% |50l — .» :
/ \ 043
114 1280
H H 1.10 ) A2z 310
. MAX
_,| \._ | 002005 .
PERICOM
0.22| 009
0,33 .013 Pericom Semiconductor Corporation
2380 Bering Drive, San Jose, CA 95131
Tel: (408) 435-0800 - Fax: (408) 435-1100
Notes:
1) Controlling Dimensions in Millimeters X XX| DENOTES DIMENSIONS DESCRIPTION: 8-PIN MINISMALL OUTLINE PACKAGE (MSOP)
2) Ref: JEDEC MO-187AA |ssue C XXX]| IN MILLIMETERS
PACKAGE CODE: U8
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UQFN1.6x1.6-8L

D el L1
| +
ﬁ | ]
]
ot - ] | L |N1 =
msxal-:; ! N E3 ; F.
| | i |
] 1
e T - +HH
1 I
| | | | o PKG. DIMENSIONS(MM)
i NG _i_ M SYMBOL Min Max
| | A 0.45 058
! _L_ Al 0.00 0.05
M
A3 0.15 REF
[7XH BXL D 158 185
E 1.55 1.85
TOP VIEW BOTTOM VIEW ot 020 0.50
E1 0.30 0.50
) 0.15 0.25
e 050 TYR
et 055 TYP
|
[ L 0.25 0.35
< ! - “ ;
P — :‘: — 0.25 0.35
T L1 0.15 REF
< g
T DATE: 06/18/13
SIDE VIEW (4 PERICOM
Note: Encbling Sericl Canmeciivily
1. Ref: JEDEC MO-2858 DESCRIPTION: 8-Pin, UQFN, 1.6X1.6, COL
PACKAGE CODE: XT (XT8)
DOCUMENT CONTROL #: PD-2132 REVISION: -
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SOIC-8L
4 DOCUMENT CONTROL NO.
nnnn PD - 1001
T REVISION: E
149 [378 DATE: 07/06/99
D 57 | 559
= i 0099 [0.25], 42
IR Ab"e.maa 050
1
189 180 3 08 0075 019
9% | 500 p 0038 |025
Y — Y
X 00| 016 ||l &
127|050 '
018 T3 ) 2284 -
0.406 T 80
0.660 [ " A ) 6.20
REF [~ SEATING PLANE
UHHHPx §
o [T e
57 —»| |l 0098 [025
013 10.330
020 [0.508
Pericom Semiconductor Corporation
XXX| DENOTES DIMENSIONS Semic
asals 2380 B Drive, San Jose, CA 95131
XXX IN MILLIMETERS Tol: (408) 435.0800 - Fax: (408) 4351100
Notes: = DESCRIPTION: 8-PIN SOIC (150 MIL WIDE)
1) Contrelling dimensions in millimeters.
2) Ref JEDEC MS-012 AA
PACKAGE CODE: W8
Ordering Information
Part No. Package Code Package
PI6ULS5V9509UE U Lead free and Green 8-pin MSOP
PIBULS5V9509UEX U Lead free and Green 8-pin MSOP, Tape & Reel
PI6ULS5V9509WE w Lead free and Green 8-pin SOIC
PI6ULS5V9509WEX W Lead free and Green 8-pin SOIC, Tape & Reel
Lead free and Green UQFN1.6x1.6-8L,
PI6BULS5V9509XTEX XT Tape & Reel
Note:
o E=Pb-free

« Adding X Suffix= Tape/Reel

Pericom Semiconductor Corporation * 1-800-435-2336 ¢ www.pericom.com
Pericom reserves the right to make changes to its products or specifications at any time, without notice, in order to improve design or performance and to supply
the best possible product. Pericom does not assume any responsibility for use of any circuitry described other than the circuitry embodied in Pericom product. The
company makes no representations that circuitry described herein is free from patent infringement or other rights, of Pericom.
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