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AN234072 (infineon |

HYPERRAM™ timing compatibility with JEDEC
xSPI (JESD251)

About this document

Scope and purpose

AN234072 discusses the input and output timing compatibility between Infineon’s latest high-density, high
performance, 64-Mb/128-Mb HYPERRAM™ and JEDEC xSPI (JESD251). This application note also analyzes the
input and output timing parameter mismatch between HYPERRAM™ and JESD251 and provides a workaround
to mitigate any incompatibility due to timing mismatch in a system.
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Introduction

1 Introduction

HYPERBUS™ & OCTAL xSPI HYPERRAM™ is a high-performance, 8-bit wide, serial, Self-Refresh DRAM or also
called Pseudo-Static Random-Access Memory (PSRAM) introduced by Infineon. HYPERRAM™ follows JEDEC
standard Expanded Serial Peripheral Interface (xSPI) (JESD251) protocol and timings. JESD251 specifies two
interface profiles where profile-1 is OCTAL xSPI and profile-2 is HYPERBUS™. Both profiles support the 8D-8D-8D
signaling standard in which the command, address, and data bytes are transmitted over the 8-bit DQ (10) bus,
in DDR mode. Even though HYPERRAM™ follows the JESD251 standard, there are some parameters/timings
differences between the two that may make HYPERRAM™ incompatible with hosts (MCUs/ASICs) which are
designed following JESD251 standard.

This application note compares all input and output timing of the 64/128-Mb HYPERRAM™ with JESD251 and
analyzes any timing mismatch between them. In addition, this application note also suggests a workaround
that can help in resolving any timing mismatch and make the access timing compatible in a system. Since
HYPERRAM™ came into existence earlier than JESD251, some spec mismatch in HYPERRAM™ from JESD251 are
inevitable. Therefore, analyzing and fixing any timing incompatibility with appropriate timing adjustment is
necessary for a reliable system design. This application note doesn’t capture all timing parameters and details;
therefore, you must refer to the 64-Mb/128-Mb HYPERRAM™ datasheets for additional information.

Even though this application note has exclusively used the timing parameters of the 64-Mb/128-Mb density
HYPERRAM™ for comparison, this timing compatibility analysis also applies to higher density HYPERBUS™ and
OCTAL xSPI HYPERRAM™ (256Mb and above).
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2 HYPERRAM™ vs JESD251 timing

This section provides a comparison between the input and output timings of the 64-Mb/128-Mb HYPERRAM™
and JESD251. Any timing gap either due to a difference in the measurement level and/or the parameter value is
highlighted with supporting note and possible system workaround. Read-Write Data Strobe (RWDS) and Data-
line (DQ) of HYPERRAM™ are the same as Data Strobe (DS) and Data-line (10) of JESD251.

2.1 Input timing

Table 1 summarizes HYPERRAM™ and JESD251 input timing comparison at 200MHz clock (CK). Figure 1 and
Figure 2 show the input measurement reference for JESD251 and HYPERRAM™. Key voltage reference levels for
the input timing measurement are specified as Vr=Vcc/2, Vin/ViL = 70%/30% of Vcc. JESD251 specifies Vpp as the
|0 voltage which is the same as Vcc/Vecq for HYPERRAM™.

Table1 Input timing comparison for 1.8V device
JESD251 Spec 64Mb/128Mb HYPERRAM™ Datasheet Unit

Parameter Symbol Min Max Parameter Symbol Min Max

Clock Input Not

Threshold V+(AC) 0.50"Vpp | 0.50*Vop o \Y
specified

(AC)
Input

Input . .

. . Diff .6*
Differential VW(AC) | 04%oo | 0.6%Vm |DiTTerential iy a0y | 04%Veq | 08 v
Crossing (AC) Crossing Veco

(AC)
Cycle Time
Data Transfer trerIOD 5 CK Period tek 5 ns
Mode
Slew Rate M|n|mu'm
Input Rise
(CKand
. SR 1.125 and Fall 1.13 V/ns
Signals) -
(1.8V) Slew Rates
' (1.8V)
Minimum
Slew Rate Input Rise
(CKand SR 2.06 and Fall 2.06 V/ns
Signals) - (3V) Slew Rates
(3.0V)
Duty Cycle Not
Distortion tekoc 0 0.25 specified @ ns

- CK Half
Minimum . 0.55
Pulse Width Tekmpw 2.25 Period - Duty Tekne 0.45%tck "ty ns

Cycle
Input Setu
TirF:ﬁe P Input Setup,
L tisuddr 0.5 with respect tis 0.5 ns
with respect
toVr
to Viu/ViL
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JESD251 Spec 64Mb/128Mb HYPERRAM™ Datasheet Unit
Parameter Symbol Min Max Parameter Symbol Min Max
e
’ tindar 0.5 with respect tin 0.5 ns
respect to toV
Vin/Vit !

The input clock (CK) AC input threshold is not specified in the HYPERRAM™ datasheet. However, all input measurement reference for
HYPERRAM™ is V1 of CK, which is identical to the JESD251 measurement reference.

*The clock (CK) duty cycle distortion is not specified in the HYPERRAM™ datasheet. However, HYPERRAM™ allows input clock duty cycle
variation between 45% to 55% of tck or 0.5tck +/- 5%tck which covers the tckoco specification of JESD251.

2.1.1 JESD251 input measurement

As per JESD251 spec, the input measurement reference is Vr of CK to Viu/ViL of I0s, as highlighted in Figure 1.

h 4

tPERIOD

Yo/
AN =7

Vop

Clock Input (CK)

Vs :
+—» v . 8z
ATAE V2 W t/\
I0[7:0] Input X X Valid
WV n i
e / \
Figure 1 JESD251 input timing-diagram -
2.1.2 HYPERRAM™ input measurement

As per the HYPERRAM™ datasheet, the input measurement reference is Vr of CK to Vr of DQs, as highlighted in
Figure 2.
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CK, CK#
VCCQ
RWDS
VSSQ
R e R
VCCQ ‘ ‘ ; ‘ ‘
V(min)
DQ[7:0
Q[ ] V||_(maX)
Vsso
Figure 2 HYPERRAM™ input timing diagram
2.1.3 Input timing compatibility analysis

The input measurement reference level for HYPERRAM™ is CK (V) to DQ (V+) while it is CK (Vr) to 10 (Viu/Vi) for
JESD251, as highlighted in Figure 1 and Figure 2. This section analyzes the input timing compatibility with
respect to both measurement references by translating one reference timing to other and compares both the
timings at the same reference.

2.1.3.1  Analyzing with JESD251 input reference (Vr to Viu/ViL)

If the host drives inputs as per JESD251 reference (HYPERRAM™ write operations), it will end up driving with an
extra timing margin for HYPERRAM™. As highlighted in Figure 3, when extrapolating the HYPERRAM™ input
timings from its standard Vr to Vi /Vi, the input timing requirement for the HYPERRAM™ @ Viii/Vi. reduces by At.

For example: Vcco = 1.8V with SR=1.125V/ns for both rising and falling signal calculates At1/At2 =0.32ns
(0.2*1.8/1.125). Hence, HYPERRAM™ input setup (tis) and the input hold (tw) timing requirements at Viu/Vi
reference will become tis/tins @ Vr - 0.32 ns or 0.18 ns which is then compared with the host input timing
@Viu/ViLper JESD251 spec, as shown in Table 1.

2.1.3.2  Analyzing with HYPERRAM™ input reference (Vr to V)

If the host drives inputs per HYPERRAM™ reference during the write operation, the host will end up driving with
an extra timing margin for HYPERRAM™. As highlighted in Figure 3, when extrapolating the host input timings
from its standard Vix /Vi. to Vi, the equivalent input timing driven by the host @ Vr will increase by At.

For example: Vcco = 1.8V with SR=1.125V/ns for both rising and falling signal calculates At1/At2 =0.32ns
(0.2*1.8/1.125). Hence, the equivalent setup (tis) and hold (tw) timing driven by the host at Vrwill become

tis/tins @ Vory VoL + 0.32 ns or 0.832 ns, which is then compared with HYPERRAM™ input timings at Vr, as shown in
Table 1.
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CK, CK#
At AR
| t\SUddr tIHddr |
v s .t §
cc I i
Q \. :/ Lo \: i/ \ i/ Vin(min)
Vi X ‘
DQ[7:0] TN ‘
Veso /N B /C Vi(max)
Figure 3 Input timing comparison JESD251 vs HYPERRAM™
2.2 Output timing

Table 2 summarizes HYPERRAM™ and JESD251 output timing comparison at 200MHz CK. Figure 6 and Figure 8
show the output measurement reference for JESD251 and HYPERRAM™. Output high voltage (Vor) and output
low voltage (Vo) levels for the high-speed, 1.8V LVCMOS (JESD8-31) outputs are Von = 75% of Vpp or 0.75*Vpp;

Vo|_ =25% Of VDD or 0.25*VDD_

Table 2 Output timing comparison for 1.8V device
JESD251 spec 64-Mb/128-Mb HYPERRAM™ datasheet
Save Data Symbol Min Max Data Output Symbol Min Max Unit
Output
Cycle Time Data .
KP
Transfer Mode trerion > CK Period ek > ns
Duty Cycle .
YRy tosoo 0 0.2 Not specified ns
Distortion
Minimum Pulse .
Width tosmpw 2.05 Not specified ns
RWDS
Output skew tro 0.4 transition to DQ toss -0.4 0.4 ns
Valid ©
RWDS
h -
Output hold troH 0.4 transition to DQ tos -0.4 0.4 ns
skew .
Invalid ¥

*tosoco or Duty Cycle Distortion parameter is not measured on HYPERRAM™. This parameter in conjuction with tckwew can determine the
minimum pulse width (tosuew) of the data strobe (DS/RWDS) output. Therefore, if the tckmpw (teknr) and toswew are specified, tosoeo
definition becomes redundant (optional).

*tpswpw is Not provided in the HYPERRAM™ datasheet. However, characterization of toswew on limited HYPERRAM™ samples demonstrate
that HYPERRAM™ can support toswpw = 2.05 ns (typ) and 2.0 ns (min). See Table 3 and Figure 4 for more details.

*HYPERRAM™ RWDS and DQs are the same as DS and 10 signals of JESD251.

HYPERRAM™ datasheet values for toss and tosy, as shown in Table 2, are specified as per their production testing
limits, while their actual measurement on the silicon is much improved. Table 3 summarizes the improved
toss/tost and new tosupw Of HYPERRAM™. Though these measurements are performed on limited samples they are
measured across voltage, temperature, and process corners to guarantee the spec limits. Therefore, users of

Application Note 6 of 14 002-34072 Rev. **
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this application note can take the improved timings, as per new spec limits in Table 3, instead of datasheet
timings if they are too tight or create challenge while evaluating the 1.8V, 64Mb/128Mb HYPERRAM™.

Table 3 64 Mb/128 Mb, 1.8 V HYPERRAM™ output timing (improved)
Parameter Symbol Min, &8 | Typ[78 | Max 8 Unit
EziacI;/V;Ilrildte Data Strobe (RWDS) Transition to foe 03 ) 0.3 ns
RWDS Transition to Data Invalid tosH -0.3 - 0.3 ns
RWDS Minimum Pulse Width tosmpw 2.0 2.05 - ns

*Test Conditions: fck = 200 MHz, Vee/Veco = 1.8V, Ta = -40°C to +105°C, all corners.
"Test conditions: fck = 200 MHz, Vee/Veco = 1.8V, Ta=-40°C to +105°C, typical corner.
®values are guaranteed by characterization and not 100% tested in production.

Veea |
RWDS
Vss
Veeq
DQ[7:0] Data Window Data Window
Vss
Figure 4 HYPERRAM™ output data window & toswew
2.2.1 JESD251 output measurement

JESD251 output parameters are measured with capacitive load Crererence (C1) = 6pF as, shown in Figure 5.

DS
Measurement
Device I/0 ~  Point
) s
Z,=50 Ohm
Td =350 pS -

Crererence = 6pF

Reference Load _—

Figure 5 JESD251 output load reference

JESD251 output measurement reference is Vr of DS to Vou/Vo of 10s, as highlighted in Figure 6.
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44—  (pERIOD

]
Lt

Vop

-

ipspcp

Data Strobe Output (DS) i ' TDSMPW
: S; Tpsbep
—D-' +— fpg -—F' E'l-— tRQH
Vo T N
Vo it R 0 ¥
IO[7:0] Output Valid Window ;) X Valid Window
Vor 7N ol
Vss E . \/ \—/
Figure 6 JESD251 data output timing
2.2.2 HYPERRAM™ Output Measurement

HYPERRAM™ output parameters are measured with capacitive load C, (Crererence) = 15pF, as shown in Figure 7.

Device
Under C
Test j]:- L

Figure 7 HYPERRAM™ output load reference

HYPERRAM™ output measurement reference is Vr of RWDS to Vr of DQs, as shown in Figure 8.

Veceq
RWDS
Vssq
Veceq
DQ[7:0]
Vsso
Figure 8 HYPERRAM™ data output timing
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2.2.3 Output timing compatibility analysis

The output measurement reference for HYPERRAM™ is RWDS (V1) to DQ (V1) while it is DS (V1) to 10 (Vou/Voo) for
JESD251, as highlighted in Figure 6 and Figure 8. This section analyzes the output timing compatibility for both
references by translating one reference timing to other and compares both the timings at the same reference.

2.2.3.1  Analyzing with JESD251 output reference (Vrto Vou/VoL)

When shifting the HYPERRAM™ output reference from Vrto (Vou /Vou), its new tpss/tosn value at (Von /Vou) reference
will observe a Atl/At2 increase from its standard Vr reference. The adjusted tpss/toss for HYPERRAM™ is
calculated as: toss/tosn @ V1 (0.3ns/0.3ns) + (Atl/ At2) which is then compared against host’s tro/tron @ (Vor /Vou),
as shown inTable 3.

Figure 9 highlights the At1/At2 change when shifting the HYPERRAM™ output reference from Vrto (Vo /Voo).

- tsck >
Veeg ‘ ‘ :
RWDS
Vsso
Veeo
DQ[7:0]
Vsso
Figure 9 Output timing comparison JESD251 vs HYPERRAM™

The value of At shift is determined by the HYPERRAM™ output drive strength and the system bus load
capacitance. Figure 10 shows the RC charging and discharging behavior of an output buffer when it transitions
from ‘0’ to ‘1’ (RC charging) or from ‘1’ to ‘0’ (RC discharging). For a given RC network, it takes ~0.7T(1.4T-0.7T))
to raise the output from Vr to Vou. While it takes ~0.4*T(0.69T-0.29T) to fall the output from Vo to Vr. T=RC is the
time contact of the HYPERRAM™ output circuit.

100% 100%
00% a0%
. = 80%
80% | 0.75% g
S 0% :;-,:‘ 70% 0.75*Veq
s =]
£ = P
T 60% 20_;503{
£ o
= 0.50*V g &
! - 50% .
g S0% ‘é 0.5Veeq
E 40% ‘g-q.o;f.
z 2
B 30% S 30%
=
D C
20% 0.7T 20% 0.4T
10% 10%
0% 0.7T 1.4T 0% G297 n.6oT
0 05 1 715 2 25 3 35 4 45 5 0 0.5 1 15 2 2.5 3 3.5 4 45 5
Time Constant (T = R*C) Time Constant (T = R*C)

Figure 10 Output load (CL) charging and discharging characteristics

Infineon HYPERRAM™ supports configurable output drive strength whose value can vary from 19 Q (strongest)
up to 115 Q (weakest) with 34 Q being the default output impedance. The configurable drive strength in

Application Note 9of 14 002-34072 Rev. **
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HYPERRAM™ applies to both DQ and RWDS outputs. Table 4 shows the At for various HYPERRAM™ output drive
strengths with JESD251 reference load, C. = 6pF. HYPERRAM™ adjusted tpss/tosn is calculated as: tpss/tosh @ Vr
(0.3ns/0.3ns) + At1l/ At2; while the host’s tro/trou Will be as per Table 2.

HYPERRAM™ vs JESD251 timing

Table 4 HYPERRAM™ adjusted tpss/tosn with RWDS (V) to DQ (Vou/Voo): CL = 6pF
HYPERRAM™ adjusted tpss/tpsu with
0.7*T(RC) 0.4*T(RC) reference (RWDS (V+) to DQ (Vou/VoL))
R(Q) C. (pF)
(At1) (ps) (At2) (ps) toss (ns) tosu (ns)
Min Max Min Max
19 6 79.8 45.6 -0.380 +0.380 -0.346 | +0.346
34 6 142.8 81.6 -0.382 | +0.382

Table 5 shows the At for various HYPERRAM™ output drive strength with C. = 15pF.

Table 5 HYPERRAM™ adjusted tpss/tosy with RWDS (V1) to DQ (Vou/Vor): CL = 15pF
HYPERRAM™ adjusted tpss/tosu With
0.7*T(RC) 0.4*T(RC) reference (RWDS (V) to DQ (Vou/VoL))
R(Q) C. (pF) (At1) (ps) (At2) (ps) toss (ns) tosu (ns)
Min Max Min Max
19 15 199.5 114 -0.50 +0.50
34 15 357 204 -0.657 | +0.657 -0.504 -0.504

-Green text color indicates adjusted new HYPERRAM"™ limits are within the host’s spec min

-Red text color indicates adjusted new HYPERRAM" limits are >15% off the host’s spec min

2.2.3.2

When shifting the host’s output reference from (Vo /VoL) to Vs, its new tro/tron Spec value at (V1) reference will
observe Atl/ At2 decrease from its standard (Von/ Vou) reference. The adjusted tro/tron for the host will be
calculated as: tro/tron @ Vor/ Vo (0.4ns/0.4ns) - (Atl/ At2) which is then compared against HYPERRAM™ tpss/tosn
@ Vr,as shown inTable 3.

Analyzing with HYPERRAM™ output reference (Vr to V)

Figure 9 highlights the Atl/ At2 change when shifting the host output timing measurement reference from (Vox

/VoL) to VT.

Table 6 shows the At for various HYPERRAM™ output drive strengths with JESD251 reference load, C, = 6pF.

Table 6 Host’s adjusted tpss/tosu with DS (Vr) to 10 (Vr): CL = 6pF
Host’s adjusted tro/tron With reference
R | C(pF) 0.7*T(RC) 0.4*T(RC) (DS (V) to 10 (Vr)
(At1) (ps) (At2) (ps) tro (NS) trou (NS)
Min Max Min Max
19 79.8 45.6 -0.320 +0.320 -0.354 +0.354
34 142.8 81.6 -0.318 +0.318

Table 7 shows the At for various HYPERRAM™ output drive strength with C, = 15pF.
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Table7 Host’s adjusted tpss/tosn with DS (V7) to 10 (V): CL = 15pF
Host’s adjusted tro/tron With reference
R | C(pF) 0.7*T(RC) 0.4*T(RC) (DS (V1) to 10 (V1)
(At1) (ps) (At2) (ps) trq (Ns) trou (NS)
Min Min Min Min
19 15 199.5 114 -0.20 +0.20
34 15 357 204 -0.043 +0.043 -0.196 +0.196

-Green text color indicates adjusted new limits for the host are within the HYPERRAM™ spec min

-Red text color indicates adjusted new limits for the host are >15% off the HYPERRAM™ spec min
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3 Document References

Datasheets

[1] 64-Mb HYPERRAM™ self-refresh DRAM with HYPERBUS™ interface
[2] 128-Mb HYPERRAM™ self-refresh DRAM with HYPERBUS™ interface
[3] 64-Mb HYPERRAM™ self-refresh DRAM with octal SPI interface

[4] 128-Mb HYPERRAM™ self-refresh DRAM with octal SPI interface

[5] 256-Mb HYPERRAM™ self-refresh DRAM with HYPERBUS™ interface
[6] 512-Mb HYPERRAM™ self-refresh DRAM with HYPERBUS™ interface
[7] 256-Mb HYPERRAM™ self-refresh DRAM with octal SPI interface

[8] 512-Mb HYPERRAM™ self-refresh DRAM with octal SPI interface
Application notes

[9] AN226576 - Getting Started with HYPERRAM™

[10] AN211622 - HYPERFLASH™ and HYPERRAM™ Layout Guide

[11] AN218684 - HYPERBUS™ Memory: Guide to Efficient Data Access
Ecosystem

[12] Chipset Partners

Specifications

[13] JESD251 - Optional x4 quard 1/0 with data strobe

[14] HYPERBUS™ specification

[15] Expended Serial Peripheral Interface (xSPI) for non-volatile memory devices, version 1.0 JESD251B

[16] 1.8 VHIGH-SPEED LVCMOS (HS_LVCMOS) interface JESD8-31
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