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Logic Elements
Another special packing mode allows the register output to feed back into 
the LUT of the same LE so that the register is packed with its own fan-out 
LUT, providing another mechanism for improved fitting. The LE can also 
drive out registered and unregistered versions of the LUT output.

In addition to the three general routing outputs, the LEs within an LAB 
have register chain outputs. Register chain outputs allow registers within 
the same LAB to cascade together. The register chain output allows an 
LAB to use LUTs for a single combinational function and the registers to 
be used for an unrelated shift register implementation. These resources 
speed up connections between LABs while saving local interconnect 
resources. See “MultiTrack Interconnect” on page 2–10 for more 
information on register chain connections.

LE Operating Modes

The Cyclone II LE operates in one of the following modes:

■ Normal mode
■ Arithmetic mode

Each mode uses LE resources differently. In each mode, six available 
inputs to the LE—the four data inputs from the LAB local interconnect, 
the LAB carry-in from the previous carry-chain LAB, and the register 
chain connection—are directed to different destinations to implement the 
desired logic function. LAB-wide signals provide clock, asynchronous 
clear, synchronous clear, synchronous load, and clock enable control for 
the register. These LAB-wide signals are available in all LE modes.

The Quartus® II software, in conjunction with parameterized functions 
such as library of parameterized modules (LPM) functions, automatically 
chooses the appropriate mode for common functions such as counters, 
adders, subtractors, and arithmetic functions. If required, you can also 
create special-purpose functions that specify which LE operating mode to 
use for optimal performance.

Normal Mode

The normal mode is suitable for general logic applications and 
combinational functions. In normal mode, four data inputs from the LAB 
local interconnect are inputs to a four-input LUT (see Figure 2–3). The 
Quartus II Compiler automatically selects the carry-in or the data3 
signal as one of the inputs to the LUT. LEs in normal mode support 
packed registers and register feedback.
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Cyclone II Architecture
PLLs

Cyclone II PLLs provide general-purpose clocking as well as support for 
the following features:

■ Clock multiplication and division
■ Phase shifting
■ Programmable duty cycle
■ Up to three internal clock outputs
■ One dedicated external clock output
■ Clock outputs for differential I/O support
■ Manual clock switchover
■ Gated lock signal
■ Three different clock feedback modes
■ Control signals

Cyclone II devices contain either two or four PLLs. Table 2–3 shows the 
PLLs available for each Cyclone II device.

Table 2–3. Cyclone II Device PLL Availability

Device PLL1 PLL2 PLL3 PLL4

EP2C5 v v
EP2C8 v v
EP2C15 v v v v
EP2C20 v v v v
EP2C35 v v v v
EP2C50 v v v v
EP2C70 v v v v
Altera Corporation 2–25
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Cyclone II Architecture
3.3 v (4) v v (6) v (6) v (6) v
Notes to Table 2–20:
(1) The PCI clamping diode must be disabled to drive an input with voltages higher than VCCIO.
(2) These input values overdrive the input buffer, so the pin leakage current is slightly higher than the default value. 

To drive inputs higher than VCCIO but less than 4.0 V, disable the PCI clamping diode and turn on Allow voltage 
overdrive for LVTTL/LVCMOS input pins option in Device setting option in the Quartus II software.

(3) When VCCIO = 1.8-V, a Cyclone II device can drive a 1.5-V device with 1.8-V tolerant inputs.
(4) When VCCIO = 3.3-V and a 2.5-V input signal feeds an input pin or when VC C I O = 1.8-V and a 1.5-V input signal 

feeds an input pin, the VCCIO supply current will be slightly larger than expected. The reason for this increase is 
that the input signal level does not drive to the VCCIO rail, which causes the input buffer to not completely shut off.

(5) When VCCIO = 2.5-V, a Cyclone II device can drive a 1.5-V or 1.8-V device with 2.5-V tolerant inputs.
(6) When VCCIO = 3.3-V, a Cyclone II device can drive a 1.5-V, 1.8-V, or 2.5-V device with 3.3-V tolerant inputs.

Table 2–20. Cyclone II MultiVolt I/O Support (Part 2 of 2) Note (1)

VCCIO (V)
Input Signal Output Signal

1.5 V 1.8 V 2.5 V 3.3 V 1.5 V 1.8 V 2.5 V 3.3 V
Altera Corporation 2–61
February 2007 Cyclone II Device Handbook, Volume 1



Operating Conditions
Table 5–4 shows the maximum VIN overshoot voltage and the 
dependency on the duty cycle of the input signal. Refer to Table 5–3 for 
more information.

RCONF (5) (6) Value of I/O pin 
pull-up resistor 
before and during 
configuration

VIN = 0 V; VCCIO = 3.3 V 10 25 50 kΩ

VIN = 0 V; VCCIO = 2.5 V 15 35 70 kΩ

VIN = 0 V; VCCIO = 1.8 V 30 50 100 kΩ

VIN = 0 V; VCCIO = 1.5 V 40 75 150 kΩ

VIN = 0 V; VCCIO = 1.2 V 50 90 170 kΩ

Recommended 
value of I/O pin 
external pull-down 
resistor before and 
during configuration

(7) — 1 2 kΩ

Notes to Table 5–3:
(1) All pins, including dedicated inputs, clock, I/O, and JTAG pins, may be driven before VCCINT and VCCIO are 

powered.
(2) The minimum DC input is –0.5 V. During transitions, the inputs may undershoot to –2.0 V or overshoot to the 

voltages shown in Table 5–4, based on input duty cycle for input currents less than 100 mA. The overshoot is 
dependent upon duty cycle of the signal. The DC case is equivalent to 100% duty cycle.

(3) This value is specified for normal device operation. The value may vary during power-up. This applies for all VCCIO 
settings (3.3, 2.5, 1.8, and 1.5 V).

(4) Maximum values depend on the actual TJ  and design utilization. See the Excel-based PowerPlay Early Power 
Estimator (www.altera.com) or the Quartus II PowerPlay Power Analyzer feature for maximum values. Refer to 
“Power Consumption” on page 5–13 for more information.

(5) RCONF values are based on characterization.  RCONF = VCCIO/IRCONF. RCONF values may be different if VIN value is 
not 0 V. Pin pull-up resistance values will be lower if an external source drives the pin higher than VCCIO.

(6) Minimum condition at –40°C and high VCC, typical condition at 25°C and nominal VCC and maximum condition at 
125°C and low VCC for RCONF values.

(7) These values apply to all VCCIO settings.

Table 5–3. DC Characteristics for User I/O, Dual-Purpose, and Dedicated Pins (Part 2 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Unit

Table 5–4. VIN Overshoot Voltage for All Input Buffers

Maximum VIN (V) Input Signal Duty Cycle

4.0 100% (DC)

4.1 90%

4.2 50%

4.3 30%

4.4 17%

4.5 10%
5–4 Altera Corporation
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Timing Specifications
SSTL_18_CLASS_II 0 pF

1.5V_HSTL_CLASS_I 0 pF

1.5V_HSTL_CLASS_II 0 pF

1.8V_HSTL_CLASS_I 0 pF

1.8V_HSTL_CLASS_II 0 pF

DIFFERENTIAL_SSTL_2_CLASS_I 0 pF

DIFFERENTIAL_SSTL_2_CLASS_II 0 pF

DIFFERENTIAL_SSTL_18_CLASS_I 0 pF

DIFFERENTIAL_SSTL_18_CLASS_II 0 pF

1.5V_DIFFERENTIAL_HSTL_CLASS_I 0 pF

1.5V_DIFFERENTIAL_HSTL_CLASS_II 0 pF

1.8V_DIFFERENTIAL_HSTL_CLASS_I 0 pF

1.8V_DIFFERENTIAL_HSTL_CLASS_II 0 pF

LVDS 0 pF

1.2V_HSTL 0 pF

1.2V_DIFFERENTIAL_HSTL 0 pF

Table 5–38. Default Loading of Different I/O Standards for Cyclone II Device 
(Part 2 of 2)

I/O Standard Capacitive Load Unit
5–32 Altera Corporation
Cyclone II Device Handbook, Volume 1 February 2008



DC Characteristics and Timing Specifications
I/O Delays

Refer to Tables 5–39 through 5–43 for I/O delays.

Table 5–39. I/O Delay Parameters

Symbol Parameter

tD I P Delay from I/O datain to output pad

tO P Delay from I/O output register to output pad

tP CO U T Delay from input pad to I/O dataout to core

tP I Delay from input pad to I/O input register

Table 5–40. Cyclone II I/O Input Delay for Column Pins (Part 1 of 3)

I/O Standard Parameter

Fast Corner –6 
Speed 
Grade

–7 
Speed 
Grade

(1)

–7 
Speed 
Grade

(2)

–8 
Speed 
Grade

UnitIndustrial/
Automotive

Commer
-cial

LVTTL tP I 581 609 1222 1228 1282 1282 ps

tP C O U T 367 385 760 783 854 854 ps

2.5V tP I 624 654 1192 1238 1283 1283 ps

tP C O U T 410 430 730 793 855 855 ps

1.8V tP I 725 760 1372 1428 1484 1484 ps

tP C O U T 511 536 910 983 1056 1056 ps

1.5V tP I 790 828 1439 1497 1556 1556 ps

tP C O U T 576 604 977 1052 1128 1128 ps

LVCMOS tP I 581 609 1222 1228 1282 1282 ps

tP C O U T 367 385 760 783 854 854 ps

SSTL_2_CLASS_I tP I 533 558 990 1015 1040 1040 ps

tP C O U T 319 334 528 570 612 612 ps

SSTL_2_CLASS_II tP I 533 558 990 1015 1040 1040 ps

tP C O U T 319 334 528 570 612 612 ps

SSTL_18_CLASS_I tP I 577 605 1027 1035 1045 1045 ps

tP C O U T 363 381 565 590 617 617 ps

SSTL_18_CLASS_II tP I 577 605 1027 1035 1045 1045 ps

tP C O U T 363 381 565 590 617 617 ps
Altera Corporation 5–33
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DC Characteristics and Timing Specifications
1.5V_ 
DIFFERENTIAL_HSTL
_CLASS_I

8 mA 210 170 140 210 170 140 210 170 140

10 mA 220 180 150 — — — — — —

12 mA 230 190 160 — — — — — —

1.5V_ 
DIFFERENTIAL_HSTL
_CLASS_II

16 mA 210 170 140 — — — — — —

LVDS — 400 340 280 400 340 280 400 340 280

RSDS — 400 340 280 400 340 280 400 340 280

MINI_LVDS — 400 340 280 400 340 280 400 340 280

SIMPLE_RSDS — 380 320 260 380 320 260 380 320 260

1.2V_HSTL — 80 80 80 — — — — — —

1.2V_ 
DIFFERENTIAL_HSTL

— 80 80 80 — — — — — —

PCI — — — — 350 315 280 350 315 280

PCI-X — — — — 350 315 280 350 315 280

LVTTL OCT_25_
OHMS

360 300 250 360 300 250 360 300 250

LVCMOS OCT_25_
OHMS

360 300 250 360 300 250 360 300 250

2.5V OCT_50_
OHMS

240 200 160 240 200 160 240 200 160

1.8V OCT_50_
OHMS

290 240 200 290 240 200 290 240 200

SSTL_2_CLASS_I OCT_50_
OHMS

240 200 160 240 200 160 — — —

SSTL_18_CLASS_I OCT_50_
OHMS

290 240 200 290 240 200 — — —

Note to Table 5–45:
(1) This is based on single data rate I/Os.

Table 5–45. Maximum Output Clock Toggle Rate on Cyclone II Devices (Part 4 of 4)

I/O Standard Drive 
Strength

Maximum Output Clock Toggle Rate on Cyclone II Devices (MHz)

Column I/O Pins (1) Row I/O Pins (1) Dedicated Clock 
Outputs

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade
Altera Corporation 5–51
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PLLs in Cyclone II Devices
Figure 7–12. Cyclone II Clock Control Blocks Placement

The inputs to the four clock control blocks on each side are chosen from 
among the following clock sources:

■ Four clock input pins
■ Three PLL counter outputs
■ Two DPCLK pins and two CDPCLK pins from both the left and right 

sides and four DPCLK pins and two CDPCLK pins from both the top 
and bottom

■ Four signals from internal logic
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Clocking
From the clock sources listed above, only two clock input pins, two PLL 
clock outputs, one DPCLK or CDPCLK pin, and one source from internal 
logic can drive into any given clock control blocks, as shown in 
Figure 7–11. Out of these six inputs to any clock control block, the two 
clock input pins and two PLL outputs can be dynamic selected to feed a 
global clock network. The clock control block supports static selection of 
the DPCLK or CDPCLK pin and the signal from internal logic.

Figure 7–13 shows the simplified version of the four clock control blocks 
on each side of the Cyclone II device periphery. The Cyclone II devices 
support up to 16 of these clock control blocks and this allows for up to a 
maximum of 16 global clocks in Cyclone II devices.

Figure 7–13. Clock Control Blocks on Each Side of the Cyclone II Device

Note to Figure 7–13:
(1) The left and right sides of the device have two DPCLK pins, and the top and bottom 

of the device have four DPCLK pins.

Global Clock Network Power Down

The Cyclone II global clock network can be disabled (powered down) by 
both static and dynamic approaches. When a clock network is powered 
down, all the logic fed by the clock network is in an off-state, thereby 
reducing the overall power consumption of the device.

The global clock networks that are not used are automatically powered 
down through configuration bit settings in the configuration file 
generated by the Quartus II software.

The dynamic clock enable or disable feature allows internal logic to 
synchronously control power up or down on the global clock networks in 
the Cyclone II device. This function is independent of the PLL and is 
applied directly on the clock network, as shown in Figure 7–11. The input 

4
GCLK

Clock Input Pins
4

DPCLK

Internal Logic

Clock
Control
Block

3PLL Outputs

4

2 or 4 (1)
CDPCLK

2

Four Clock Control
Blocks on Each Side

of the Device
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PLLs in Cyclone II Devices
Figure 7–17. PLL Power Schematic for Cyclone II PLLs

Note to Figure 7–17:
(1) Applies to PLLs 1 through 4.

VCCD & GND

The digital power and ground pins are labeled VCCD_ PLL<PLL number> 
and GND_PLL<PLL number>. The VCCD pin supplies the power for the 
digital circuitry in the PLL. Connect these VCCD pins to the quietest 
digital supply on the board. In most systems, this is the digital 1.2-V 
supply supplied to the device’s VCCINT pins. Connect the VCCD pins to a 
power supply even if you do not use the PLL. When connecting the VCCD 
pins to VCCINT, you do not need any filtering or isolation. You can connect 
the GND pins directly to the same ground plane as the device’s digital 
ground. See Figure 7–17.

Conclusion Cyclone II device PLLs provide you with complete control of device 
clocks and system timing. These PLLs support clock 
multiplication/division, phase shift, and programmable duty cycle for 
your cost-sensitive clock synthesis applications.

1.2V Supply

Ferrite Bead

Repeat for Each PLL
Power & Groundset

Cyclone II Device

PLL<#>_VCCA

PLL<#>_GNDA

PLL<#>VCCD

PLL<#>_GND

.1 µF .001 µF

GND

GND

VCCINT

10 μF
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Cyclone II Memory Blocks
case writing is controlled only by the write enable signals. There is no 
clear port to the byte enable registers. M4K blocks support byte enables 
when the write port has a data width of 1, 2, 4, 8, 9, 16, 18, 32, or 36 bits. 
When using data widths of 1, 2, 4, 8, and 9 bits, the byte enable behaves 
as a redundant write enable because the data width is less than or equal 
to a single byte. Table 8–3 summarizes the byte selection.

Table 8–4 shows the byte enable port control for true dual-port mode.

Figure 8–2 shows how the wren and byteena signals control the 
operations of the RAM.

When a byte enable bit is de-asserted during a write cycle, the 
corresponding data byte output appears as a “don’t care” or unknown 
value. When a byte enable bit is asserted during a write cycle, the 
corresponding data byte output is the newly written data.

Table 8–3. Byte Enable for Cyclone II M4K Blocks Note (1)

byteena[3..0]

Affected Bytes

datain 
× 1

datain 
× 2

datain 
× 4

datain 
× 8

datain 
× 9

datain 
× 16

datain 
× 18

datain 
× 32

datain 
× 36

[0] = 1 [0] [1..0] [3..0] [7..0] [8..0] [7..0] [8..0] [7..0] [8..0]

[1] = 1 - - - - - [15..8] [17..9] [15..8] [17..9]

[2] = 1 - - - - - - - [23..16] [26..18]

[3] = 1 - - - - - - - [31..24] [35..27]

Note to Table 8–3:
(1) Any combination of byte enables is possible.

Table 8–4. Byte Enable Port Control for True Dual-Port Mode

byteena [3:0] Affected Port

[1:0] Port A (1)

[3:2] Port B (1)

Note to Table 8–4:
(1) For any data width up to ×18 for each port.
Altera Corporation 8–5
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Clock Modes
Single-Clock Mode

Cyclone II memory blocks support single-clock mode for true dual-port, 
simple dual-port, and single-port memory. In this mode, a single clock, 
together with a clock enable, controls all registers of the memory block. 
This mode does not support asynchronous clear signals for the registers. 
Figures 8–18 through 8–20 show the memory block in single-clock mode 
for true dual-port, simple dual-port, and single-port modes, respectively.
8–24 Altera Corporation
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CII51009-3.1
9. External Memory
Interfaces
Introduction Improving data bandwidth is an important design consideration when 
trying to enhance system performance without complicating board 
design. Traditionally, doubling the data bandwidth of a system required 
either doubling the system frequency or doubling the number of data I/O 
pins. Both methods are undesirable because they complicate the overall 
system design and increase the number of I/O pins. Using double data 
rate (DDR) I/O pins to transmit and receive data doubles the data 
bandwidth while keeping I/O counts low. The DDR architecture uses 
both edges of a clock to transmit data, which facilitates data transmission 
at twice the rate of a single data rate (SDR) architecture using the same 
clock speed while maintaining the same number of I/O pins. DDR 
transmission should be used where fast data transmission is required for 
a broad range of applications such as networking, communications, 
storage, and image processing.

Cyclone® II devices support a broad range of external memory interfaces, 
such as SDR SDRAM, DDR SDRAM, DDR2 SDRAM, and QDRII SRAM. 
Dedicated clock delay control circuitry allows Cyclone II devices to 
interface with an external memory device at clock speeds up to 
167 MHz/333 Mbps for DDR and DDR2 SDRAM devices and 
167 MHz/667 Mbps for QDRII SRAM devices. Although Cyclone II 
devices also support SDR SDRAM, this chapter focuses on the 
implementations of a double data rate I/O interface using the hardware 
features available in Cyclone II devices and explains briefly how each 
memory standard uses the Cyclone II features.

The easiest way to interface to external memory devices is by using one 
of the Altera® external memory IP cores listed below.

■ DDR2 SDRAM Controller MegaCore® Function
■ DDR SDRAM Controller MegaCore Function
■ QDRII SRAM Controller MegaCore Function

OpenCore® Plus evaluations of these cores are available for free to 
Quartus® II Web Edition software users. In addition, Altera software 
subscription customers now receive full licenses to these MegaCore 
functions as part of the IP-BASE suite.
 9–1



I/O Termination
I/O Termination The majority of the Cyclone II I/O standards are single-ended, 
non-voltage-referenced I/O standards and, as such, the following I/O 
standards do not specify a recommended termination scheme:

■ 3.3-V LVTTL and LVCMOS
■ 2.5-V LVTTL and LVCMOS
■ 1.8-V LVTTL and LVCMOS
■ 1.5-V LVCMOS
■ 3.3-V PCI and PCI-X

Voltage-Referenced I/O Standard Termination

Voltage-referenced I/O standards require both an input reference 
voltage, VREF, and a termination voltage, VTT. The reference voltage of the 
receiving device tracks the termination voltage of the transmitting device.

For more information on termination for voltage-referenced I/O 
standards, refer to “Supported I/O Standards” on page 10–1.

Differential I/O Standard Termination

Differential I/O standards typically require a termination resistor 
between the two signals at the receiver. The termination resistor must 
match the differential load impedance of the bus. 

Cyclone II devices support differential I/O standards LVDS, RSDS, and 
mini-LVDS, and differential LVPECL. 

For more information on termination for differential I/O standards, refer 
to “Supported I/O Standards” on page 10–1.
10–26 Altera Corporation
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Table 10–13 shows the revision history for this document.

Table 10–13. Document Revision History

Date and 
Document 

Version
Changes Made Summary of Changes

February 2008 
v2.4

● Added “Referenced Documents” section.
● Updated “Differential Pad Placement 

Guidelines” section.

—

February 2007 
v2.3

● Added document revision history.
● Updated “Introduction” and its feetpara 

note.
● Updated Note (2) in Table 10–4.
● Updated “Differential LVPECL” section.
● Updated “Differential Pad Placement 

Guidelines” section.
● Updated “Output Pads” section.
● Added new section “5.0-V Device 

Compatibility” with two new figures.

● Added reference detail for ESD 
specifications.

● Added information about differential 
placement restrictions applying only to pins 
in the same bank.

● Added information that Cyclone II device 
supports LVDS on clock inputs at 3.3V 
VCCIO.

● Added more information on DC placement 
guidelines.

● Added information stating SSTL and HSTL 
outputs can be closer than 2 pads from 
VREF..

● Added 5.0 Device tolerence solution.
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PS Configuration
Configuration Stage

After the Cyclone II device’s nSTATUS pin transitions high, the MAX II 
device should send the configuration data on the DATA0 pin one bit at a 
time. If you are using configuration data in RBF, HEX, or TTF format, 
send the least significant bit (LSB) of each data byte first. For example, if 
the RBF contains the byte sequence 02 1B EE 01 FA, you should transmit 
the serial bitstream 0100-0000 1101-1000 0111-0111 1000-0000 
0101-1111 to the device first.

The Cyclone II device receives configuration data on its DATA0 pin and 
the clock on the DCLK pin. Data is latched into the FPGA on the rising 
edge of DCLK. Data is continuously clocked into the target device until the 
CONF_DONE pin transitions high. After the Cyclone II device receives all 
the configuration data successfully, it releases the open-drain 
CONF_DONE pin, which is pulled high by an external 10-kΩ pull-up 
resistor. A low-to-high transition on CONF_DONE indicates configuration 
is complete and initialization of the device can begin. The CONF_DONE 
pin must have an external 10-kΩ pull-up resistor in order for the device 
to initialize.

The configuration clock (DCLK) speed must be below the specified system 
frequency (see Table 13–7) to ensure correct configuration. No maximum 
DCLK period exists, which means you can pause configuration by halting 
DCLK for an indefinite amount of time.

Initialization Stage

In Cyclone II devices, the initialization clock source is either the 
Cyclone II internal oscillator (typically 10 MHz) or the optional CLKUSR 
pin. The internal oscillator is the default clock source for initialization. If 
you use the internal oscillator, the Cyclone II device makes sure to 
provide enough clock cycles for proper initialization. Therefore, if the 
internal oscillator is the initialization clock source, sending the entire 
configuration file to the device is sufficient to configure and initialize the 
device. You do not need to provide additional clock cycles externally 
during the initialization stage. Driving DCLK back to the device after 
configuration is complete does not affect device operation. Additionally, 
if you use the internal oscillator as the clock source, you can use the 
CLKUSR pin as a user I/O pin.

If you want to delay the initialization of the device, you can use the 
CLKUSR pin. Using the CLKUSR pin allows you to control when your 
device enters user mode. You can delay the device from entering user 
mode for an indefinite amount of time. 
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IEEE 1149.1 (JTAG) Boundary-Scan Testing for Cyclone II Devices
to external device data via the PIN_IN signal, while the update registers 
connect to external data through the PIN_OUT and PIN_OE signals. The 
global control signals for the IEEE Std. 1149.1 BST registers (for example, 
shift, clock, and update) are generated internally by the TAP controller. 
The MODE signal is generated by a decode of the instruction register. The 
data signal path for the boundary-scan register runs from the serial data 
in (SDI) signal to the serial data out (SDO) signal. The scan register begins 
at the TDI pin and ends at the TDO pin of the device.

Figure 14–4 shows the Cyclone II device’s user I/O boundary-scan cell.

Figure 14–4. Cyclone II Device's User I/O BSC with IEEE Std. 1149.1 BST Circuitry 
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IEEE 1149.1 (JTAG) Boundary-Scan Testing for Cyclone II Devices
During the capture phase, multiplexers preceding the capture registers 
select the active device data signals. This data is then clocked into the 
capture registers. The multiplexers at the outputs of the update registers 
also select active device data to prevent functional interruptions to the 
device. During the shift phase, the boundary-scan shift register is formed 
by clocking data through capture registers around the device periphery, 
then out of the TDO pin. The device can simultaneously shift new test data 
into TDI and replace the contents of the capture registers. During the 
update phase, data in the capture registers is transferred to the update 
registers. This data can then be used in the EXTEST instruction mode. See 
“EXTEST Instruction Mode” on page 14–11 for more information.

Figure 14–9 shows the SAMPLE/PRELOAD waveforms. The 
SAMPLE/PRELOAD instruction code is shifted in through the TDI pin. The 
TAP controller advances to the CAPTURE_DR state, then to the SHIFT_DR 
state, where it remains if TMS is held low. The data that was present in the 
capture registers after the capture phase is shifted out of the TDO pin. New 
test data shifted into the TDI pin appears at the TDO pin after being 
clocked through the entire boundary-scan register. Figure 14–9 shows 
that the instruction code at TDI does not appear at the TDO pin until after 
the capture register data is shifted out. If TMS is held high on two 
consecutive TCK clock cycles, the TAP controller advances to the 
UPDATE_DR state for the update phase.

Figure 14–9. SAMPLE/PRELOAD Shift Data Register Waveforms 
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Using IEEE Std. 1149.1 BST Circuitry
Figure 14–13. JTAG Chain of Mixed Voltages
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