PERICOM

PI6GULS5VO62/7A

4 Channel Level Translating Fast-Mode Plus 1°C-bus/SMbus Repeater

Features
* 4 channel, bidirectional buffer isolates capacitance

and allows 540pF on either side of the device at 1
MHz and up to 4000 pF at lower speeds

* Voltage level translation from 0.6V to 5.5V and
from 2.2V to 5.5V

* Port A operating supply voltage range of 0.6V to
5.5V with normal levels( 0.4VCC(A) + 0.8 V <
VCC(B))

* Port B operating supply voltage range of 2.2V to
5.5V with static offset level

* 5V tolerant I°C-bus and enable pins

* 0 Hzto 1 MHz clock frequency (the maximum
system operating frequency may be less than 1MHz
because of the delays added by the repeater)

* Active HIGH repeater enable input referenced to
VCC(B)

* Open-drain input/outputs

 Latching free operation

» Supports arbitration and clock stretching across the
repeater

* Accommodates Standard-mode, Fast-mode and
Fast-mode Plus 12C-bus devices, SMBus (standard
and high power mode), PMBus and multiple
masters

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

* ESD protection exceeds 8000V HBM per JESD22-
All4d

* Package: TQFN-16L 4x4 and QSOP-16L

Pin Configuration

Description
The PIBULS5V9627A is a CMOS integrated circuit

intended for Fast-mode Plus (Fm+) 1°C-bus or SMBus
applications. It can provide level shifting between low
voltage (down to 0.6V) and higher voltage (2.2V to 5.5V)
in mixed-mode applications.

The PIBULS5V9627A enables the system designer
to isolate two halves of a bus for both voltage and
capacitance, accommodating more 1°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 enabling two buses of
540 pF at 1 MHz or up to 4000 pF at lower speeds. The
SDA and SCL pins are overvoltage tolerant and are
high-impedance when the PI6BULS5V9627A s
unpowered.

The 2.2V to 5.5V bus port B drivers have the static
level offset, while the adjustable voltage bus port A
drivers eliminate the static offset voltage. This results in
a LOW on the port B translating into a nearly OV LOW
on the port A which accommodates the smaller voltage
swings of lower voltage logic. The EN pin is referenced
to Ve and can also be used to turn the drivers on and
off under system control.
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PI6ULS5V9627A

® 4 Channel Level Translating
FB?ICDM Fast-Mode Plus I°C-bus/SMbus Repeater

Pin Description

Pin No. . o
QS0P in 1o TOFN Pin Name Description
3 1 SDAAL serial data port A bus 1
4 2 GNDW supply ground (0 V)
5 3 VCCA® port A supply voltage (0.6 V to 5.5V)
6 4 SCLA2 serial clock port A bus 2
7 5 SDAA2 serial data port A bus 2
8 6 GNDW supply ground (0 V)
9 7 EN2 active HIGH repeater enable input 2
10 8 SDAB?2 serial data port B bus 2
11 9 SCLB2 serial clock port B bus 2
12 10 vceB® port B supply voltage (2.2 V t0 5.5 V)
13 11 EN1 active HIGH repeater enable input 1
14 12 SDABL1 serial data port B bus 1
15 13 SCLB1 serial clock port B bus 1
16 14 vceB® port B supply voltage (2.2 V to 5.5 V)
1 15 VCCA® port A supply voltage (0.6 VV t0 5.5 V)
2 16 SCLAL serial clock port A bus 1
Note:

(1) The two GND pins need to be connected to the ground, can’t be floating.
(2) The two VCCA pins need to be connected to the power supply, can’t be floating.
(3) The two VCCB pins need to be connected to the power supply, can’t be floating.
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Figure 1: Block Diagram
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PI6ULS5V9627A
4 Channel Level Translating

PHQICOMO Fast-Mode Plus I°C-bus/SMbus Repeater

Maximum Ratings

Storage Temperature -5509C to +1250C
Supply Voltage port B 05Vio+6.0V
Supply Voltage port A 05V to+6.0V
DC Input Voltage 05Vio+6.0V
Control INPUt VORAGE (EN)..cvovveeeereereersseseerssesesssssesesssssesessssssesssssesess 05V io+6.0V
Total POWEr DISSIPALON. ..vcevesseeeerssseeessssreessssseessssssessens

Input /Output Current (DOrt A&B) ......e..eeeeemsreersmsreesens
Input current (EN, VCCA, VCCB, GND)
ESD: HBIM IMIOOE......cvevvesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss

DC Electrical Characteristics

Note:

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.

Ve = 0.6V 10 5.5VY; Vg = 2.2V 10 5.5V; GND = 0V; Ta = -40<C to +85<C; unless otherwise noted.

Symbol Parameter CONDITIONS Min Typ Max Unit
Veew | supply voltage port B - 2.2 - 5.5 \Y
Vecy | supply voltage port A - 0.6 - 5.5 \%

leca supply current on pin Vcea= 0.95V - - 16 uA

® | Veen V)= 5.5V - - 100
port B HIGH-level Veew) =55V

lcche) supply current SDAr: = SCLn = Ve ) 3 5 mA
VCC(B) =5.5V; one SDA and

| port B LOW-level one SCL = GND; other SDA i 34 58 mA

CCL® | supply current and SCL open (with pull-up '
resistors)

lovew Smescent current on EN=GND;:Vcc@=5.5V ) 08 1 mA

CC(B)
Note:

(1) Veen may be as high as 5.5 V for over voltage tolerance but 0.4V + 0.8 V < V(g for the channels to be enabled and

functional normally.
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PI6ULS5V9627A

® 4 Channel Level Translating
FB?ICDM Fast-Mode Plus I°C-bus/SMbus Repeater

DC Electrical Characteristics
Veeea) = 0.6V 10 5.5V®; Vieg = 2.2V 10 5.5V; GND = 0V; T, = -40<T to +85<C; Typical values measured with Veca) = 0.95V
and Vcee) = 2.5V, unless otherwise noted.

Symbol | Parameter Test Conditions | Min | Typ | Max Unit
Input and output SDAB and SCLB
A\ HIGH-level input voltage - 0.7Vce) - 5.5 \V
Vi LOW-level input voltage - -0.5 - +0.4 \Y
Vik Input clamping voltage I, =-18 mA -1.2 - - \%
I Input leakage current V,=5.5V - - = pA
I LOW-level input current SDA, SCL;V,=0.2V - - 10 HA
VoL | LOW-level output voltage lo = 150pA at Ve = 2'2\/((21]) 047 _ _ v
loL = 13mA at Ve = 2.2V - 0.54 0.60 \Y
VoL - Vi E(I)f\f/(\a/rﬁg\igIbiit;\),:ﬁe\/no:;%\évclcfr:/tzlr]ggt?t e ;]/lf;r:;tlgéd bi/ r(;]eéi’gn 60 90 160 mv
_ V, :_3V or 0V; Veeg) = 3.3V, i 7 10 OF
Cio Input/output capacitance EN =LOW
V=3V or 0V; Vcee) = 0V - 7 10 pF
Input and output SDAA and SCLA
Vi HIGH-level input voltage - 0.7Vceny - 55 \Y
Vi. | LOW-level input voltage - -0.5® - H0.25Veew™| V
V ik Input clamping voltage I,=-18 mA -1.2 - - V
I Input leakage current V,=5.5V - - + pA
I LOW-level input current SDA,SCL;V,=0.2V - - 10 pA
VoL LOW-level output voltage loL = 13mA at V) = 2.2V - 0.1 0.2 V
. V, :_SV or 0V; Ve = 3.3V, ) 7 10 oF
Cio Input/output capacitance EN = LOW
Vi =3Vor 0V; Ve = 0V - 7 10 pF
Enable
\V/m HIGH-level input voltage - 0.7Vcem) - 55 Vv
VL LOW-level input voltage - -0.5 - +0.3Veee) | V
I Input leakage current V| = Ve -1 - +1 pA
I LOW-level input current Vi =0.2V, EN; Ve = 2.2V, -18 -7 - pA
Ci Input capacitance V| = Vcep) - 6 - pF
Note:

(1) Pull-up should result in 1o, > 150pA.

(2) Guaranteed by design and characterization.

(3) V,_for port A with envelope noise must be below 0.3V ¢¢a) for stable performance.

(4) When V¢ is less than 1V, care is required to make certain that the system ground offset and noise is minimized such that
there is reasonable difference between the V,_ present at the PIGULS5V9627 A-side input and the 0.25Vc(s) input
threshold.

(5) Ve may be as high as 5.5 V for over-voltage tolerance but 0.4V¢ca) + 0.8 V < V(g for the channels to be enabled and
functional normally.
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PI6ULS5V9627A

® 4 Channel Level Translating
FmICOM Fast-Mode Plus I°C-bus/SMbus Repeater

Dynamic characteristics
Ve = 0.6V to 55V®; Veee) = 2.2V 10 5.5V; GND = 0V; Ta = -40C to +85T; Typical values measured with V¢c(a) = 0.95V
and Ve = 2.5V, unless otherwise noted. @

Symbol Parameter Conditions Min | Typ® | Max Unit
tpLn LOW-to-HIGH propagation delay B-side to A-side - -52 -103 ns
top o LOW-to-HIGH propagation delay2 | B-side to A-side - 94 130 ns
toL HIGH-to-LOW propagation delay B-side to A-side - 76 152 ns
trpl] LOW-to-HIGH transition time A-side - 60 - ns
SRf Falling slew rate port A; 0.7V ey t0 0.3Veen - 0.037 - ns
tor ) LOW-to-HIGH propagation delay | A-side to B-side - 45 102 ns
tory ) HIGH-to-LOW propagation delay | A-side to B-side - 50 173 ns
trim LOW-to-HIGH transition time B-side - 60 - ns
trae HIGH-to-LOW transition time B-side - 5 - ns
m . Quiescent -0.3 V; EN HIGH to i i
ten Enable time enable: 100 ns
m . . quiescent + 0.3 V; i i
tais Disable time EN LOW to disable: 100 ns

Note:

(1) Times are specified with loads of 1.35 kQ pull-up resistance and 50 pF load capacitance on port A and port B, and a falling
edge slew rate of 0.05 V/ns input signals.

(2) Pull-up voltages are Vcga)0on port A and Ve on port B.

(3) Typical values were measured with Vcca) = 0.95 V,Vc@e)=2.5V at Ta = 25<C, unless otherwise noted.

(4) The tp 4y, delay data from port B to port A is measured at 0.45 V on port B to 0.5V ¢c(a) 0N port A.

(5) The ty 4 of the bus is determined by the pull-up resistance (1.35 k Q) and the total capacitance (50 pF).

(6) The proportional delay data from port A to port B is measured at 0.5V c¢(a) 0n port A to 0.5V ¢cg) on port B.

(7) The enable pin EN, should only change state when the global bus and the repeater port are in an idle state.

(8) Ve may be as high as 5.5 V for over-voltage tolerance but 0.4Vcga) + 0.8 V << Ve, for the channels to be enabled and
functional normally.

[7 Veoe) Veoia)
input 0.5Vcop) /-‘ 0.5Vcop) input
VoL
tPHL tPLH
. - Veea) Veoie)
tput 0.5V, 0.5Veem - output
o 309 ccm A —30%
VoL
THL ! L'—tTLH
Figure 2: Propagation Delay and Transition Times B>A Figure 3: Propagation Delay and Transition Times A—B
50 % of Vegm) Vec)
input input 0.5Veoe) 0.59Veeois)
SDAB, SCLB v
oL
~ ' Jlon
SCLA, Ds.gilﬁ 30 % of Veca) EN to output -0.3V
output
] VoL
Figure4: Propagation Delay and Enable and disable time
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PI6ULS5V9627A

® 4 Channel Level Translating
FRICOM Fast-Mode Plus I°C-bus/SMbus Repeater

V]
PULSE ~
GENERATOR l

R = load resistor; 1.35 kQ 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

Functional Description

The PIBULS5V9627A enables 1°C-bus or SMBuUs translation down to Vecn as low as 0.6 V without degradation of system
performance. The PI6ULS5V9627A contains two bidirectional open-drain buffers specifically designed to support up-
translation/down-translation between the low voltage (as low as 0.6 V) and a 2.5 V, 3.3 VV or 5 V I°C-bus or SMBus. All inputs
and 1/Os are overvoltage tolerant to 5.5 V even when the device is unpowered (Vccg) and/or Vegay = 0 V).

The PIGULS5V9627A includes a power-up circuit that keeps the output drivers turned off until Ve, is above 2.2 V and until
after the internal reference circuits have settled at about 400 ps, and the Vcca) is above 0.6 V. Ve and Veea) Can be applied in
any sequence at power-up.

The PCA9627A includes a VCC(A) over-voltage disable that turns the channel off if 0.4VCC(A) + 0.8 V >
VCC(B). The PCA9627A logic and all I/Os are powered by the VCC(B) pins.

The B-side drivers operate from 2.2V to 5.5V. The output low level of port B internal buffer is approximately 0.55 V, while
the input voltage must be 90mV lower (0.45V) or even more lower. The nearly 0.5V low signal is called a buffered low. When the
B-side 1/O is driven low internally, the low is not recognized as a low by the input. This feature prevents a lockup condition from
occurring when the input low condition is released. This type of design on B port prevents it from being used in series with
another PIGULS5V9627A (B side) or similar devices, because they don’t recognize buffer low signals as a valid low .

The A-side drivers operate from 0.6V to 5.5V. The output low level of port A internal buffer is nearly 0V, while the input low
level is set at 0.35V (s to accommodate the need for a lower LOW level in systems where the low voltage side supply voltage is
as low as 0.6 V. Port A of two or more PIGULS5V9627As can be connected together to allow a star topography with port A on the
common bus. And port A can be connected directly to any other buffer with static or dynamic offset voltage. Multiple
PI6ULS5V9627As can be connected in series, port A to port B, with no build-up in offset voltage with only time of flight delays
to consider.

After power-up and with the EN HIGH, a LOW level on port A (below 0.3V ¢c(s)) turns the corresponding port B driver (either
SDA or SCL) on and drives port B down to about 0.55V. When port A rises above 0.3V cca), the port B pull-down driver is turned
off and the external pull-up resistor pulls the pin HIGH. When port B falls first and goes below 0.4 V, the port A driver is turned
on and port A pulls down to about 0 V. The port A pull-down is not enabled unless the port B voltage goes below 0.4V. If the port
B low voltage goes below 0.4 V, the port B pull-down driver is enabled and port B will only be able to rise to 0.55 V until port A
rises above 0.3V, then port B will continue to rise being pulled up by the external pull-up resistor. The Ve is only used to
provide the 0.35Vc(a) reference to the port A input comparators and for the power good detect circuit. The PIBULS5V9627A
logic and all 1/0s are powered by the Vg, pin.

The EN pin is active HIGH with thresholds referenced to Vccgy and an internal pull-up to Ve that maintains the device
active unless the user selects to disable the repeater to isolate a badly behaved slave on power-up until after the system power-up
reset. It should never change state during an 1°C-bus operation because disabling during a bus operation will hang the bus and
enabling part way through a bus cycle could confuse the 1°C-bus parts being enabled. The enable does not switch the internal
reference circuits so the 400ps delay is only seen when Vcc(g) comes up. The enable pin should only change state when the global
bus and the repeater port are in an idle state to prevent system failures.

As with the standard 1°C-bus system, pull-up resistors are required to provide the logic HIGH levels on the buffered bus
(standard open-collector configuration of the 1°C-bus). The size of these pull-up resistors depends on the system, but each side of
the repeater must have a pull-up resistor. This part designed to work with Standard mode, Fast-mode and Fast-mode Plus 1°C-bus
devices in addition to SMBus devices. Standard mode and Fast-mode 1°C-bus devices only specify 3mA output drive; this limits
the termination current to 3mA in a generic 1°C-bus system where Standard-mode devices, Fast-mode devices and multiple
masters are possible. When only Fast-mode Plus devices are used with 30mA at 5V drive strength, then lower value pull-up
resistors can be used. The B-side RC should not be less than 67.5ns because shorter RCs increase the turnaround bounce when the
B-side transitions from being externally driven to pulled down by its offset buffer.
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PI6ULS5V9627A

® 4 Channel Level Translating
FmICOM Fast-Mode Plus I°C-bus/SMbus Repeater

Application Information

A typical application is shown in Figure 6. In this example, the system master is running on a 3.3V 1°C-bus while the slave is
connected to a 1.2V bus. Both buses run at 1MHz. Master devices can be placed on either bus.

The PIBULS5V9627A is 5V tolerant, so it does not require any additional circuitry to translate between 0.6V to 5.5V bus
voltages and 2.2V to 5.5V bus voltages.

3.3V 1.2v
. . VCCB VCCA —|_
2 e £ 2 = 2
Masterl Slavel
SCLB1 SCLA1
Masterl Slavel
SDAB1 SDAAL
Slave2
Master? SCLB2 SCLA2
Slave2
Master? SDAB? SDAA2
EN1 .
GND GND
EN2 —

Figure 6: Typical Application

When port A of the PIBULS5V9627A is pulled LOW by a driver on the 12C-bus, a comparator detects the falling edge when
it goes below 0.3V¢c(n) and causes the internal driver on port B to turn on, causing port B to pull down to about 0.5 V. When port
B of the PIGULS5V9627A falls, first a CMOS hysteresis type input detects the falling edge and causes the internal driver on port
A to turn on and pull the port A pin down to ground. In order to illustrate what would be seen in a typical application, refer to
Figure 9 and Figure 10. If the bus master in Figure 6 were to write to the slave through the PIGULS5V9627A, waveforms shown
in Figure 9 would be observed on the A bus. This looks like a normal 1°C-bus transmission except that the HIGH level may be as
low as 0.6 V, and the turn on and turn off of the acknowledge signals are slightly delayed.

On the B bus side of the PIGULS5V9627A, the clock and data lines would have a positive offset from ground equal to the
VoL of the PIBULS5V9627A. After the eighth clock pulse, the data line will be pulled to the Vo, of the slave 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
PIBULS5V9627A for a short delay while the A bus side rises above 0.3V ccs) then it continues HIGH. It is important to note that
any arbitration or clock stretching events require that the LOW level on the B bus side at the input of the PIBULS5V9627A (V)
be at or below 0.4 V to be recognized by the PIBULS5V9627A and then transmitted to the A bus side.

Multiple PI6ULS5V9627A port A sides can be connected in a star configuration (Figure 7), allowing all nodes to
communicate with each other.

Multiple PI6ULS5V9627As can be connected in series as long as port A is connected to port B (Figure 8). 1°C-bus slave
devices can be connected to any of the bus segments. The number of devices that can be connected in series is limited by repeater
delay/time-of-flight considerations on the maximum bus speed requirements.

VCC(A)

vCC(B)
VCCA VCCB
E o PIBULS5V9627A =l (=] [
= = 2 2 2
Slave
scL - SCLA1 SCLE1 - sCL
SDA SDAA1 SDAB1 SDA
BUS Master
SCLAZ SCLB2 scL
L | spaaz SDAB2 SDA
ENL Slave
EN2 GND GND
Figure 7: Typical Star Application
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PI6ULS5V9627A
4 Channel Level Translating

P&ICDMO Fast-Mode Plus 1°C-bus/SMbus Repeater

vcc

vcca VCCB VCCA VCCB
= |;| = PIBULS5V9627A [;] E‘F] PIBULS5V9627A I;ll] ;] [l] 2 Slave
sCL1 sC scL
SDA1 SDAAL SDAB1 SDAAL SDABL SDA
BUS
Master SCL2 SCLAZ SCLB2 SCLA2 SCLB2 scL
SDA2 SDAA2 SDAB2 SDAA2 SDAB2 SDA
EN1 B — EN1 |
EN2 GND GND — 1 o GND GND Slave
Figure 8: Typical Series Application
ath CLOCK PULSE — ACKNOWLEDGE
L Y
SCL : :
I
SDA ¢
| |
| |
I I
Figure 9: Bus A (0.6V to 5.5V Bus) Waveform
9th CLOCK PULSE — ACKNOWLEDGE
-
sCL P!
JJ-I_I-I_I_I_H_H.[ -
[
SDA o
[
o PIGULS
_| —| —||_Ir|_| | | ¥ You syge27a TA
" ™y, OF SLAVE
Figure:10: Bus B (2.2V to 5.5V Bus) Waveform
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PI6ULS5V9627A

® 4 Channel Level Translating
FB?ICOM Fast-Mode Plus I°C-bus/SMbus Repeater

Mechanical Information

TQFN 4x4-16L

. D . D1
| | Ni3 | NiB
| |
Z ' [ISHER -
PNt —] ‘ L | 1
ndex Arsa Il\ll ‘I ‘| } - N‘|
I — I
______%______HJ E = __%_____..E_
‘ Na [ | e
| HEHHER
| Ne | N5 PKG. DIMEMSIONS(MM)
= b SYMBOL Min Max
A 070 0.20
TOP VIEW BOTTOM VIEW -
A1 0.00 0.05
A3 0.20REF
| D 3.92 4.08
T 3 3.82 4.08
< 4 | | D1 o 220
[ E 2.00 2.20
z o b 0.25 0.35
e 0.85 TYP
SIDE VIEW -
L 047 0.83
5 DATE: 07/02113
{4 PERICOM
Note: Enlling Sarial Ganneorivity
1. Ref: JEDEC MO-2858 DESCRIPTION: 16-Pin, TQFN, 4x4
PACKAGE CODE: ZY (ZY16)
DOCUMENT CONTROL #: PD-2161 REVISION: -
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PI6ULS5V9627A
4 Channel Level Translating
Fast-Mode Plus 1°C-bus/SMbus Repeater

PERICOM

QSOP-16L
DOCUMENT CONTROL NO.
- PD - 1201
MAX,
18 REVISION: G
HHHHHHHH - DATE: 11/07/07
}
150 [3.81
157 |3.99 Guage Plan ! _

‘L I 1*0 J

(RS 1

T

15
i Detail A "™
189
197
480
.00
008
053] 1.35
- —_— = 0.178
‘ [0.209) REF 069 | 1.75 0254
A
SEATING
* PLANE
228
e o F ‘L R T i
025 008 % oo 579
BSC 012 0.254 519 .
o] oz () PERICOM
0.308 % DENOTES DIMENSIONS IN MILLIMETERS Pericom Semiconductor Corporation
. 3545 N. 1st Street, San Jose, CA 95134
1-800-435-2335 * www.pericom.com
Mote:
1) Controlling dimensions in inches, DESCRIPTION: 16-Pin 150-Mil Wide QSOP
2) Ref: JEDEC MO-137B/AB.
3) Dimensions do not include mold flash, protrusions or gate burrs PACKAGE CODE: Q

Ordering Information

Part No. Package Code Package
PIBULS5V9627AZYE Y Lead free and Green 16-pin TQFN 4x4
PI6ULS5V9627AQE Q Lead free and Green 16-pin QSOP

Note:
e« E =Pb-free and Green
« 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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