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The ADMlOZS/ADMl(&Al is a complete system hardware
monitor for microprocessor-based systems, providing measurement
and limit comparison of various system parameters. Five voltage
measurement inputs are provided for monitoring 2.5V, 3.3V, 5V, and
12 'V power supplies and the processor core voltage. The
ADM1025/ADM1025A can monitor a sixth power supply voltage by
measuring its own Vcc. One input (two pins) is dedicated to a remote
temperature-sensing diode, and an onchip temperature sensor allows
ambient temperature to be monitored. The ADM1025A has
open-drain VID inputs while the ADM1025 has on-chip 100 k€2
pull-ups on the VID inputs.

Measured values and in/out of limit status can be read out via an 12C
compatible serial System Management Bus. The device can be
controlled and configured over the same serial bus. The device also
has a programmable TNT output to indicate undervoltage, overvoltage,
and overtemperature conditions.

The ADM1025/ADM1025As 3.0 V to 5.5 V supply voltage range,
low supply current, and 12C compatible interface make it ideal for a
wide range of applications. These include hardware monitoring and
protection applications in personal computers, electronic test
equipment, and office electronics.
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Features

® Up to 8 Measurement Channels

® 5 Inputs to Measure Supply Voltages

® Vcc Monitored Internally

¢ External Temperature Measurement with Remote Diode
® On-chip Temperature Sensor

¢ 5 Digital Inputs for VID Bits

® Integrated 100 k<2 Pull-ups on VID Pins (ADM1025 Only)
* LDCM Support

* |2C Compatible System Management Bus (SMBus)

* Programmable RST Output Pin

* Programmable INT Output Pin

® Configurable Offset for Internal/External Channel

¢ Shutdown Mode to Minimize Power Consumption

® Limit Comparison of All Monitored Values

Applications See detailed ordering and

* Network Servers and Personal Computers
* Microprocessor-based Office Equipment
® Test Equipment and Measuring Instruments

This document contains information on a product under development. ON Semiconductor
reserves the right to change or discontinue this product without notice.

© Semiconductor Components Industries, LLC, 2012 1 Publication Order Number:
August, 2012 — Rev. P6 ADM1025/D



ADM1025, ADM1025A

r’\N\l—o—b Vop ADD/RST/
VIDO > INT/NTO
SERIAL BUS
VID1 | > [ | INTERFACE SDA
VIDO-VID3 SCL
VY REGISTER
VID2 - >
viD3 () -J: >
300 kQ 100 kQ ADM1025/ADM1025A
l_/vv\,_ PULL-UPS VID4
. P  REGISTER
12V)\/VID4
o)
Vee () P POWER TO CHIP || vaLue anD LM
REGISTERS
>
N LIMIT
Veepin - COMPARATOR
2.5Vin > NPUT ADDRESS ¢
POINTER  {—
3:3Vin »| ATTENUATORS REGISTER
MEASUREMENT
Vin > AND — STATUS -
ANALOG
D+ P MULTIPLEXER REGISTERS
ADC -
D-/NTI > OFFSET
REGISTERS
BANDGAP 25V
TEMPERATURE [— BAND GAP CONFIGURATION
SENSOR REFERENCE | REGISTER
)
N\
GND
Figure 1. Functional Block Diagram
Table 1. ABSOLUTE MAXIMUM RATINGS
Rating Value Unit
Positive Supply Voltage (Vcc) 6.5 \Y,
Voltage on 12 V V|y Pin 20 \%
Voltage on Any Input or Output Pin -0.3t0 +6.5 \%
Input Current at Any Pin +5 mA
Package Input Current +20 mA
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Table 3. PIN FUNCTION DESCRIPTIONS

Pin No. Mnemonic Description

1 SDA Digital I/O. Serial bus bidirectional data. Open-drain output.

2 SCL Digital Input. Serial bus clock.

3 GND System Ground

4 Vee Power. Can be powered by 3.3 V standby power if monitoring in low power states is required. This
pin also serves as the analog input to monitor V¢c.

5 VIDO Digital Input. Core voltage ID readouts from the processor. This value is read into the VIDO-VID3
Status Register. It has an on-chip 100 kQ pull-up resistor (ADM1025 only).

6 VID1 Digital Input. Core voltage ID readouts from the processor. This value is read into the VIDO-VID3
Status Register. It has an on-chip 100 k€2 pull-up resistor (ADM1025 only).

7 VID2 Digital Input. Core voltage ID readouts from the processor. This value is read into the VIDO-VID3
Status Register. It has an on-chip 100 k<2 pull-up resistor (ADM1025 only).

8 VID3 Digital Input. Core voltage ID readouts from the processor. This value is read into the VIDO-VID3
Status Register. It has an on-chip 100 k€2 pull-up resistor (ADM1025 only).

9 D-/NTI Analog/Digital Input. Connected to cathode of external temperature sensing diode. If held high at
power-up, it initiates NAND tree test mode.

10 D+ Analog Input. Connected to anode of external temperature sensing diode.

11 12V\\/VID4 Programmable Analog/Digital Input. Defaults to 12 V,y analog input at power-up but may be
programmed as VID4 Core Voltage ID readout from the processor. This value is read into the
VID4 Status Register. In analog 12 V| mode, it has an on-chip voltage attenuator. In VID4 mode,
it has an on-chip 300 kQ pull-up resistor.

12 5Vin
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Table 4. ELECTRICAL CHARACTERISTICS (continued)
(Ta = Tmin 10 Tmaxs Vee = Vuin to Vax, unless otherwise noted)

| Parameter Test Conditions/Comments | Min | Typ | Max | Unit
OPEN-DRAIN DIGITAL OUTPUTS (ADD, RST, INT, NTO)
| Output Low Voltage, Vo louT =-6.0 MA, Ve

http://onsemi.com
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SCL

SDA

Figure 2. Serial Bus Timing Diagram
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont’'d)

http://onsemi.com
6



ADM1025, ADM1025A

General Description

The ADM1025/ADM1025A is a complete system
hardware monitor for microprocessor-based systems. The
device communicates with the system via a serial System
Management Bus. The serial bus controller has a hardwired
address line for device selection (Pin 16), a serial data line
for reading and writing addresses and data (Pin 1), and an
input line for the serial clock (Pin2). All control and
programming functions of the ADM1025/ADM1025A are
performed over the serial bus.

Measurement Inputs

The device has six measurement inputs, five for voltage
and one for temperature. It can also measure its own supply
voltage and can measure ambient temperature with its
on-chip temperature sensor.

Pins 11 through 15 are analog inputs with onTchip
attenuators configured to monitor 12V, 5V, 3.3V, 25V,
and the processor core voltage, respectively. Pin 11 may
alternatively be programmed as a digital input for Bit 4 of
the processor voltage ID code.

Power is supplied to the chip via Pin 4, and the system also
monitors the voltage on this pin.

Remote temperature sensing is provided by the D+ and DT
inputs, to which a diode-connected, external
temperature-sensing transistor may be connected.

An on-chip band gap temperature sensor monitors system
ambient temperature.

Sequential Measurement

When the ADM1025/ADM1025A monitoring sequence
is started, it cycles sequentially through the measurement of
analog inputs and the temperature sensors. Measured values

http://onsemi.com
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Figure 11. Writing to the Address Pointer Register Only
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Figure 12. Reading Data from a Previously Selected Register

When reading data from a register there are two
possibilities:

1. If the ADM1025/ADM1025A’s Address Pointer
Register value is unknown or not the desired
value, it is first necessary to set it to the correct
value before data can be read from the desired data
register. This is done by performing a write to the
ADM1025/ADM1025A as before, but only the

data byte containing the register address is sent, 62.6 kQ

since data should not be written to the register. 3.3V)y 0—¢ AN * _T_
This is shown in Figure 11. 82.4 kQ

A read operation is then performed consisting of % % —|_

the serial bus address, R/W bit set to 1, followed {7
by the data byte read from the data register. This is
shown in Figure 12.
2. If the Address Pointer Register is known to be
already at the desired address, data can be read
from the corresponding data register without first
writing to the Address Pointer Register, so
Figure 11 can be omitted.

NOTES:

1. Although it is possible to read a data byte from a data
register without first writing to the Address Pointer Register,
if the Address Pointer Register is already at the correct
value, it is not possible to write data to a register without
writing to the Address Pointer Register because the first
data byte of a write is always written to the Address Pointer
Register.

2. In Figure 10 to Figure 12, the serial bus address is shown
as the default value 01011(A1)(A0), where Al and AQ are
set by the three-state ADD pin.

3. In addition to supporting the Send Byte and Receive Byte
protocols, the ADM1025/ADM1025A also supports the
Read Byte protocol (see System Management Bus
specifications Rev. 1.1 for more information).

4. If Reset or interrupt functionality is required, the address pin
cannot be strapped to GND, since this would keep the
ADD/RST/INT/NTO pin permanently low.

Figure 13. Structure of Analog Inputs

http://onsemi.com
9



ADM1025, ADM1025A

allow for the tolerance of these supply voltages, the A/D
converter

http://onsemi.com
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the absolute value of Vgg, varies from device to device, and
individual calibration is required to null this out, so the
technique is unsuitable for mass production.

The technique used in the ADM1025/ADM1025A is to
measure the change in VVgg when the device is operated at
two different currents.

This is given by:

AVge = KT/q x In(N) (eq. 1)

where:
K is Boltzmann’s constant
g is charge on the carrier
T is absolute temperature in Kelvins
N is ratio of the two currents

Figure 14 shows the input signal conditioning used to
measure the output of an external temperature sensor. This
figure shows the external sensor as a substrate transistor
provided for temperature monitoring on some
microprocessors, but it could equally well be a discrete
transistor.

If a discrete transistor is used, the collector will not be
grounded and should be linked to the base. If a PNP
transistor is used, the base is connected to the DT input and
the emitter to the D+ input. If an NPN transistor is used, the
emitter is connected to the DT input and the base to the D+
input.

Bit 6 of Status Register 2 (42h) is set if a remote diode
fault is detected. The ADM1025/ADM1025A detects shorts
from D+ to GND or supply, as well as shorts/opens between
D+/DT.

Table 7. TEMPERATURE DATA FORMAT

Temperature Digital Output
-128°C 1000 0000
-125°C 1000 0011
-100°C 1001 1100

-75°C

http://onsemi.com
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Layout Considerations

Digital boards can be electrically noisy environments and
care must be taken to protect the analog inputs from noise,
particularly when measuring the very small voltages from a
remote diode sensor. The following precautions should be
taken:

1. Place the ADM1025/ADM1025A as close as
possible to the remote sensing diode. Provided that
the worst noise sources, such as clock generators,
data/address buses, and CRTSs, are avoided, this
distance can be four to eight inches.

2. Route the D+ and DT tracks close together, in
parallel, with grounded guard tracks on each side.
Provide a ground plane under the tracks if
possible.

3. Use wide tracks to minimize inductance and
reduce noise pickup. 10 mil track minimum width
and spacing is recommended.

10 MIL
10 MIL
10 MIL

Figure 15. Arrangement of Signal Tracks

4. Try to minimize the number of copper/solder
joints, which can cause thermocouple effects.

http://onsemi.com
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Generating an SMBALERT

The INT output can be used as an interrupt output or can
be used as an SMBALERT. One or more INT outputs can be
connected to a common SMBALERT line connected to the
master. If a device’s INT line goes low, the following
procedure occurs:

1. SMBALERT is pulled low.

2. Master initiates a read operation and sends the
Alert Response Address (ARA = 0001 100). This
is a general call address that must not be used as a
specific device address.

3. The device whose INT output is low responds to
the Alert Response Address, and the master reads
its device address. The address of the device is
now known and it can be interrogated in the usual
way.

4. 1f more than one device’s INT output is low, the
one with the lowest device address will have
priority, in accordance with normal SMBus
arbitration.

5. Once the ADM1025/ADM1025A has responded to
the Alert Response Address, it will reset its INT
output; however, if the error condition that caused
the interrupt persists, INT will be reasserted on the
next monitoring cycle.

NAND Tree Tests

A NAND tree is provided in the ADM1025/ADM1025A
for Automated Test Equipment (ATE) board level
connectivity testing. The device is placed into NAND Test
Mode by powering up with Pin 9 (DT/NTI) held high. This
pin is automatically sampled after power-up, and if it is
connected high, the NAND test mode is invoked.

In NAND test mode, all digital inputs may be tested as
illustrated below. ADD/RST/INT/NTO will become the
NAND test output pin.

To perform a NAND tree test, all pins are initially driven
low. The test vectors set all inputs low, then one-by-one
toggle them high (keeping them high). Exercising the test
circuit with this “walking one” pattern, starting with the
input closest to the output of the tree, cycling toward the
farthest, causes the output of the tree to toggle with each
input change. Allow for a typical propagation delay of
500 ns. The structure of the NAND tree is shown in
Figure 17.

%D

Figure 17. NAND Tree

http://onsemi.com
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the Test Register to 1, setting Bit 6 of the VID Register to 1,
and clearing Bit 7 of the VID Register.

Starting Conversion

http://onsemi.com
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Table 12. REGISTER 41h -
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Table 16. REGISTERS 15h—-3Dh - VALUE AND LIMIT REGISTERS (Note 1)

Address R/W Description
15h Read/Write Manufacturers Test Register
1Fh Read/Write Offset Register
20h Read-only 2.5V Reading
21h Read-only Vcep Reading
22h Read-only 3.3V Reading
23h Read-only 5V Reading
24h Read-only 12 V Reading
25h Read-only Vcc Reading
26h Read-only Remote Diode Temperature Reading
27h Read-only Local Temperature Reading
2Bh Read/Write 2.5V High Limit
2Ch Read/Write 2.5V Low Limit
2Dh Read/Write Vccep High Limit
2Eh Read/Write Vcep Low Limit
2Fh Read/Write 3.3V High Limit
30h Read/Write t
31lh Read/Write
32h Read/Write
33h Read/Write High Limit

om
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Table 20. NAND TREE TEST VECTORS

Vector No. SDA scL | VIDO | VID1 | VID2 VID3 ADD/RST/INT

http://onsemi.com
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