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by Michael Yen

PC100 Registered SDRAM Module Design

A conventional way to boost PC performance has been to raise the
internal clock frequency of a microprocessor while the
microprocessor’s external bus remains the same at  66 MHz. As the
Pentium II microprocessor internal bus reaches 350 MHz or
higher,  memories and core-logic must keep up with microproces-
sor performance. The  microprocessor’s external bus on the
motherboard must run at a clock rate higher than 66 MHz. EDO
DRAM has reached its performance limit at 66 MHz. The best
possible performance of EDO DRAM is only equal to the perfor-
mance of the 66 MHz SDRAM module. To keep up with new
generation platform performance, attention has been focused on
the increased clock rate of SDRAM.

Since SDRAM performance is proportional to its clock frequency,
a SDRAM module running at 100 MHz on the motherboard
bus has a 50 percent performance increase over the 66 MHz
SDRAM module and the best EDO DRAM module.

The cost difference of memories is small and DRAM prices keep
dropping, the 100 MHz SDRAM module is the best choice because
of performance, cost and availability.  EDO DRAM has almost
disappeared in new PC platform designs.

Clock Signals of SDRAM DIMM Modules

The most popular SDRAM module, the 168-pin DIMM, has up to
36 or more SDRAM chips. Each SDRAM chip needs a clock input
as shown in Figures 1(a) and 1(b). Providing clocks to 36 SDRAM
chips, the clock distribution circuit is critical in DIMM module
design. At 100 MHz, a clock period is only 10 ns, making the
timing delay along the trace  very significant. The timing skew
among such a large number of clock signals for SDRAM chips  is
critical. Clock rise time is also important. To maintain clock signal

integrity, the JEDEC specification requires a motherboard to
provide four identical clock signals to each DIMM module at
module pins 42, 79, 125, and 163 (see Figure 2. These four clock
signals are identical and are driven by four separate clock drivers.
If a motherboard has 3 DIMM sockets, then that motherboard must
provide twelve identical clock signals driven by twelve clock
drivers.

To minimize timing skew among the clock signals, the DIMM
board layout design assures that the trace length of all clock signals
on a module must be nearly equal.

An Unbuffered SDRAM DIMM module uses memory chips
without buffer chips for clock/address/control signals. Each clock
signal from the motherboard typically directly drives only 2 or 3
SDRAM chips on a module. JEDEC specifies that each clock
signal from the motherboard can drive 4 chips maximum. Since
there are only four clock signals from the motherboard, an Unbuf-
fered SDRAM DIMM module can have a maximum of 16 SDRAM
chips.

Registered SDRAM DIMM

Server/workstation/high-end PC platforms require very large
DRAM memory size, typically more than 4 DIMM modules and
more than 16 SDRAM chips per module as indicated in Table 1.
Because of overloading of the address/control/clock signals, Un-
buffered SDRAM DIMM modules cannot support such applica-
tions. Therefore, Buffered SDRAM DIMM module products are
required. A clock signal needs a PLL driver as a buffer to generate
clock outputs identical to the clock input with zero propagation
delay. Since registered buffer drivers are used to buffer address/
control signals, a buffered SDRAM DIMM is called a Registered
SDRAM DIMM. Figure 3 shows the Registered SDRAM DIMM.
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Table 1. Registered SDRAM DIMM Module Configurations

#gifnoC
MMID

yticapaC
MMID

noitazinagrO
pihCMARDS

noitazinagrO
MARDS#

spihC

foswoR#
MARDS
spihC

1 BM23 27xM4 4xM4 81 1

2 BM46 27xM8 8xM8 9 1

3 BM821 27xM61 4xM61 81 1

4 BM652 27xM23 4xM61 63 2

5 BM215 27xM46 4xM23 63 2
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2509A/2510A PLL Drivers

The PLL buffer needs only one clock signal, CK0,  from the
motherboard, to generate 9 or 10 clock signals on a module.
The motherboard  provides one clock signal per DIMM module
whose design greatly reduces the number of clock signals gener-
ated by motherboard and minimizes EMI problems.

As indicated in Figure 4, CK0, from the motherboard, is the Input
Clock to the 2509A.  Nine copies of CK0 are generated at outputs
of the 2509A. Each clock output typically drives the SDRAM chips
directly without any external damping series resistor.

The feedback output FBOUT pin is directly connected to the
feedback input FBIN pin. Figures 5(a) and 5(b) show the output
clocks lead and lag the input clock, respectively. The C1 capacitor
is designed to adjust the relative timing between the input clock and
the output clocks, if needed.  C1 is typically not connected. As the
C1 value increases, the timing of the output clocks will advance in
time relative to the input clock.

To run at 100 MHz, a clock output driver must be high-drive and
quiet. The output drivers of Pericom’s PI6C2509A have been
carefully designed to provide sufficient heavy pull-up and pull-
down drive currents such that the clock signals at SDRAM chips
meet the rise/fall time requirements. The output drivers are also
designed for minimum undershoot and overshoot

When a designer selects a PLL driver chip for his PC100 SDRAM
DIMM module design, the following AC parameters are critical:

Phase Error is the propagation-time between the Clock Input pin
and the clock feedback input FBIN pin. Since it is ideal to have the
clock outputs exactly identical to the clock input, phase error

should be very small. A phase error of 150ps leading or lagging is
fine in 100 MHz and 66 MHz clock distribution circuits. A DIMM
is typically required to run at both 100 MHz and 66 MHz. It could
be a problem for a DIMM module if the phase error of a PLL clock
driver meets the spec at 100 MHz, but not at 66 MHz. The Pericom
2509A part is designed to meet the phase error spec for both 100
MHz and 66 MHz clock operations.

Cycle-to-Cycle Jitter is the difference of period-time between one
clock cycle to the adjacent clock cycle. If the clock input has no
spread spectrum modulation, PC100 allows ±100ps cycle-to-cycle
jitter at clock outputs. A critical jitter issue is clock input with
spread spectrum.  Many PLL circuits will greatly increase jitter and
fail to meet jitter specs when the motherboard clock generator
enables spread spectrum modulation. Pericom’s 2509A/2510A
parts are designed to meet the jitter spec when spread spectrum is
disabled as well as when it is enabled, applying also for 100 MHz
and 66 MHz.

Output Skew is the “time skew” among all clock outputs. The
output drivers of Pericom’s 2509A/2510A parts are carefully
designed to meet the 200ps spec at 100 MHz as well as 66 MHz.

Routing of Clock Outputs

Since the skew among all clock outputs is critical, every clock
output from 2509A/2510A must have the same trace length and the
same loading. Each clock output  must drive the same  number of
SDRAM chips. Per JEDEC spec, each clock can drive no more than
four SDRAM chips.

Table 2. PLL Drivers Required by Each DIMM Configuration

fo#gifnoC
1elbaT

MMID
yticapaC

forebmuN
MARDS
spihc

roA9052
siA0192

desu desUstuptuOkcolCforebmuN

forebmuN
desunU

stuptuOkcolC

1 BM23 81 A9052
spihcMARDS81ehtevirdotskcolc6esU

srevirdderetsiger2evirdotkcolc1esU
2

2 BM46 9 A9052
.spihcMARDS9ehtevirdotskcolc3esU
srevirdderetsiger2ehtevirdotkcolc1esU

foknaBenO(5
)desunusiA9052

3 BM821 81 A9052
.spihcMARDS81ehtevirdotskcolc6esU

srevirdderetsiger2ehtevirdotkcolc1esU
2

4 BM652 63 A0152
spihcMARDS63ehtevirdotskcolc9esU
srevirdderetsiger3ehtevirdotkcolc1esU

0

5 BM215 63 A0152
spihcMARDS63ehtevirdotskcolc9esU
srevirdderetsiger3ehtevirdotkcolc1esU

0
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ALVC16334/162835/16836 Registered Drivers

An SDRAM chip needs address and control signals, in addition to
clock and data signals (see Figures 1(a) and 1(b). For Unbuffered
SDRAM DIMM, each and every address/control signal from the
motherboard has to drive all SDRAM chips on the module. The
address/control driver on motherboard will be over-loaded if there
are many DIMM modules (there are 18 or more SDRAM chips on
each module).

The ALVC16835/162835 18-bit Registered Universal Bus Drivers
are used to buffer the address/control signals from the motherboard.
When a DIMM module is selected by the motherboard, the regis-
tered drivers on the DIMM module are operated at rising-edge
clock mode. When a DIMM module is not selected by the

rebmuNtraP tnuoCniPdnaegakcaP stiBforebmuN

433261/43361CVLA47IP
)84A(POSSTcitsalpediwlim042nip-84
)84K(POSVTcitsalpediwlim371nip-84

)84V(POSScitsalpediwlim003nip-84
61

538261/53861CVLA47IP
)65A(POSSTcitsalpediwlim042nip-65
)65K(POSVTcitsalpediwlim371nip-65

)65V(POSScitsalpediwlim003nip-65
81

638261CVLA47IP
)65A(POSSTcitsalpediwlim042nip-65
)65K(POSVTcitsalpediwlim371nip-65

)65V(POSScitsalpediwlim003nip-65
02

motherboard, the registered drivers are operated at transparent
mode for input signals to flow through.

The output drivers of ALVC16835 have no embedded series
termination resistor on chip, for use in a DIMM module with
heavily loaded memory chips. The output drivers of ALVC162835
have an embedded series termination resistor on chip for signal
damping in light-loaded DIMM module applications. Because bus
hold introduced an unwanted latency on the memory bus that could
slow the system, Pericom has removed the standard bus hold feature.

Pericom offers five functions to support the address/control buffer
of PC100 100 MHz SDRAM DIMM modules:

In addition to ALVC16835/162835, there are other registered
drivers to give module designers flexibility to reduce manufactur-
ing cost, i.e., an 18-bit PI74ALVC16835/162835 could be re-
placed by a 20-bit PI74ALVC162836 for two additional clock
outputs and a cost savings of one logic-inverter part. ALVC16334/
162334 are 16-bit registered driver parts for module applications
that only need 16-bit drivers, resulting in a smaller 48-pin package
and a cost savings of one logic-inverter part. To save the logic
inverter see Figures 6(a) and 6(b), the LE pin is now comple-
mented.

Number of Signals Required to be Buffered by
Registered Driver

Configuration Number 2 has the smallest number of SDRAM
chips on a module. The 64 MB DIMM requires 28 signals to be
buffered by a registered driver (see Figure 7).  Two 16-bit regis-
tered drivers, ALVC162334, can provide buffers for 32 signals.
Therefore, there are four unused buffers. Since each signal drives
only eight SDRAM chips, the ALVC162334 part is recommended
because it provides an on-chip damping series resistor at each

driver output to avoid undershoot/overshoot noises.

Other configurations have 18 or more SDRAM chips. No on-chip
damping series resistors are needed.

Configurations 4 and 5 have 36 SDRAM chips. Each address/
control signal, except DQMBx and Sx#, requires two registered
drivers, since each registered driver can only drive a load of up to
18 SDRAM chips.

An unused input should be held at a valid high or low voltage by
a pull-up or pull-down resistor.

As mentioned above, ALVC16334/162334 has 16-bit drivers.
ALVC16835/162835 has 18-bit drivers. And ALVC162836 has
20-bit drivers. Each bit provides a buffer for one address/control
signal to drive up to 18 SDRAM chips. To avoid too many unused
bits, the following registered drivers are recommended to each
DIMM configuration.

It is possible to use the 18-bit ALVC16835/162835 as registered
driver parts in each DIMM configuration, although the number of
unused bits in each registered driver part may increase.
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Table 3. Number of Signals Required to be Buffered by Registered Driver

.gifnoC
rebmuN

MMID
yticapaC

MMID
noitazinagrO

MARDS
noitazinagrOpihC

MARDS#
spihC

dereffubslangiSforebmuN
srevirDderetsigeRyb

1 BM23 27xM4 4xM4 81 92

2 BM46 27xM8 8xM8 9 82

3 BM821 27xM61 4xM61 81 92

4 BM652 27xM23 4xM61 63 05

5 BM215 27xM46 4xM23 63 05

gifnoC
#

MMID
yticapaC

MMID
noitazinagrO

ybdereffuBslangiSfo.oN
srevirDderetsigeR

dednemmoceR
srevirDderetsigeR

etanretlA
srevirDderetsigeR

1 BM23 27xM4 92 43361CVLA47IP)2( 53861CVLA47IP)2(

2 BM46 27xM8 82 433261CVLA47IP)2( 538261CVLA47IP)2(

3 BM821 27xM61 92 43361CVLA47IP)2( 53861CVLA47IP)2(

4 BM652 27xM23 05 43361CVLA47IP)2(
638261CVLA47IP)1(

53861CVLA47IP)3(

5 BM215 27xM46 05 43361CVLA47IP)2(
638261CVLA47IP)1(

53861CVLA47IP)3(

Table 4. Registered Driver Recommended for Each DIMM Configuration

List of PLL Drivers and Registered Drivers Used

Each DIMM configuration uses a PLL Driver as shown in Table 2, and Registered Drivers as indicated in Table 4. The
following table summarizes  the recommended drivers for each DIMM configuration.

Table 5. PLL Driver and Registered Driver Recommended for Each DIMM Configuration

.gifnoC
rebmuN

MMID
yticapaC

MMID
noitazinagrO

pihCMARDS
noitazinagrO

MARDS#
spihC

dednemmoceR
srevirD

etanretlA
srevirD

1 BM23 27xM4 4xM4 81 A9052C6IP)1(
43361CVLA47IP)2(

A9052C6IP)1(
53861CVLA47IP)2(

2 BM46 27xM8 8xM8 9 A9052C6IP)1(
433261CVLA47IP)2(

A9052C6IP)1(
538261CVLA47IP)2(

3 BM821 27xM61 4xM61 81 A9052C6IP)1(
43361CVLA47IP)2(

A9052C6IP)1(
53861CVLA47IP)2(

4 BM652 27xM23 4xM61 63
A0152C6IP)1(

43361CVLA47IP)2(
638261CVLA47IP)1(

A0152C6IP)1(

53861CVLA47IP)3(

5 BM215 27xM46 4xM23 63
A0152C6IP)1(

43361CVLA47IP)2(
638261CVLA47IP)1(

A0152C6IP)1(

53861CVLA47IP)3(
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Figure 1(a). SDRAM Chip 4Mx4

Figure 1(b). SDRAM Chip 8Mx8

Figure 2. Unbuffered 168-pin SDRAM DIMM

CK0 and CK2 are at the front side. CK1 and CK3 are at the backside. The four clock signals
from the motherboard directly drive the eight SDRAM chips – each clock signal drives two
chips. There is no PLL driver or logic buffer driver.

4M x4

A 0 –  A 11

R AS #,
C AS #, CS #,
W E #, CLK E,
D QM

C LK

D Q0  –  DQ 3

8M x8

A 0 –  A 12

R AS #,
C AS #, CS #,
W E #, CLK E,
D QM

C LK

D Q0  –  DQ 7

7942 841

   CK3
Pin 163

CK0CK1
Pin 125

CK2
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Registered
Driver

7942 841

CK0 PLL Driver

Figure 3. Registered 168-pin SDRAM DIMM

Only clock CK0 is used. The PLL driver generates 9 or 10 copies of  clock CK0
on the DIMM module. A registered driver buffers the Address/control signals.

Figure 4. Block Diagram of PI6C2509A

Figure 5(b). Output Clocks Lag the Input Clock

Figure 5(a). Output Clocks Lead the Input Clock

C1

13
FBOUT

CLOCK0

PI6C2509A

24
            CK0

From Pin 42
of Module
connector

FBIN
CLOCK8

9 copies of
clock CK0

Drive SDRAM
chips directly

Input
Clock
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ALVC16835/162835

LE
10k

Vcc

On DIMM module

On Motherboard

REGE

Figure 6(a). ALVC16835/162835 Registered Driver Needs a Logic Inverter

ALVC162836
ALVC16334/162334

___
LE

10k

Vcc

On DIMM module

On Motherboard

REG

Figure 6(b). ALVC162836 and ALVC16334/162334 Registered Drivers
Do Not Need a Logic Inverter

A0 RA0 DQMB2 RDQMB2
A1 RA1 DQMB3 RDQMB3
A2 RA2 DQMB6 RDQMB6
A3 RA3 DQMB7 RDQMB7
A4 RA4 CKE0 RCKE0
A5 RA5 BA0 RBA0
A6 16-bit RA6 BA1 16-bit RBA1
A7 Reg. RA7 A10 Reg. RA10
A8 Driver RA8 A11 Driver RA11
A9 RA9 S0# RS0#

DQMB0 RDQMB0 S2# RS2#
DQMB1 RDQMB1 CAS# RCAS#
DQMB4 RDQMB4 RAS# RRAS#
DQMB5 RDQMB5 WE# RWE#

(unused) (unused) (unused) (unused)
(unused) (unused) (unused) (unused)

Figure 7. The 64-MB DIMM Uses Two 16-bit Registered Drivers
to Provide 28 Control/Address Signals on the Module.

Pericom Semiconductor Corporation
2380 Bering Drive • San Jose, CA 95131 • 1-800-435-2336 • Fax (408) 435-1100 • http://www.pericom.com
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