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Description

AQD-D4U16R24-HE is a DDR4 2400Mbps R-DIMM
high-speed, memory module that use 18pcs of 1024Mx
72 bits DDR4 SDRAM in FBGA package and a 4K bits
serial EEPROM on a 288-pin printed circuit board.
AQD-D4U16R24-HE is a Dual In-Line Memory Module
and is intended for mounting into 288-pin edge connector
sockets.

Synchronous design allows precise cycle control with the
use of system clock. Data I/O transactions are possible
on both edges of DQS. Range of operation frequencies,
programmable latencies allow the same device to be
useful for a variety of high bandwidth, high performance
memory system applications.

Features

e ROHS compliant products.

e JEDEC standard 1.2V(1.14V~1.26V) Power supply
VDDQ= 1.2V(1.14V~1.26V)

e VPP =2.5V +0.25V /-0.125V

¢ Data transfer rates: PC3-12800
Programmable CAS Latency:

10,11,12,13,14,15,16,17,18

¢ 8 bit pre-fetch

e Burst Length (BL) switch on-the-fly BL8 or BC4

¢ Bi-directional Differential Data-Strobe

e Supports ECC error correction and detection

e On Die Termination, Nominal, Park, and Dynamic ODT

e Serial presence detect with EEPROM
Asynchronous reset

e PCB edge connector treated with 30u” Gold-Plating

Pin Identification

Symbol Function

AO-A17', BAO~BAl Address/Bank input

DQO~DQ63 Bi-direction data bus.

Data Buffer data strobes

DQS0_t-DQS17_t

DQS0 c-DQS17 ¢ Data Buffer data strobes
CKO_t, CK1_t Register clock input
CKO_¢, CK1 ¢ Registert clocks input
ODTO0 &0ODT1 On-die termination control line
CS0_n-CS3 n DIMM Rank Select Lines input.

RAS_n? Row address strobe
CAS_n3 Column address strobe
WE_n* Write Enable
DMO~DM7 Data masks/high data strobes
VDD Core power supply
VDDQ I/O driver power supply
VreeCA Command/address reference supply
VppSPD SPD EEPROM power supply
I2C serial bus address select for
SAO0~SA2
EEPROM
SCL I2C serial bus clock for EEPROM
SDA I2C serial bus data for EEPROM
VSS Ground
RESET_n Set DRAMs Known State
VTT DRAM I/O termination supply
VPP SDRAM Supply
ALERT n Register ALERT_n output
- SPD signals a thermal event has
EVENT_n occurred
RFU Reserved for future use
1. Address Al7 is only valid for 16 Gb x4 based SDRAMSs.
2. RAS_n is a multiplexed function with A16.
3. CAS_n is a multiplexed function with A15.
4. WE_n is a multiplexed function with A14.
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Dimensions (Unit: millimeter)

133.35 [S250]

TE

o |~ 5575 (2193 —

P

o

= ~

& =

e Hole . K

o @150 [@SII2KD L C A o
™ Py / \, //
N N

3.35 [1321

64.60 [2543] 56.10 [2209]

i 4m_..|

(2X)

8.00 [315]

1.90 [735IEX>

2247 [11s0])

_24.28 [9561_
9.35 (368]

£25.00 [10041 |

10.20 [4021]

R0O.65 [RZ26I(EXD 2.10 [B31C4X>

14,60 [5751(2%) |

3
T
300 (814X | |

3.80+0.10 [150£4]

[l ‘ T
Dei;“ 2 Detail B
;ME’U UJJ”LDDDDLE@ UU[( 00000 \D 0t
Detail C Detail D

Note:1. Tolerances on all dimensions +/-0.15mm unless otherwise specified.




ADMNTECH

Enabling an Intelligent Planet

288Pin DDR4 2400 1.2V R-DIMM
16GB Based on 1024Mx8
AQD-D4U16R24-HE

Pin Assignments

Pin Front Pin Front Pin Front Pin Back Pin Back Pin Back Pin Back Pin Back
DQS12C, DQS15T,DMS6,
1 12v 41 TDOS12C 81 BAO 121 DBI6, TDOS15T 161 DQ9 201 CB3 241 VSS 281 VSS
DQS15C,
2 VSS 42 VSSs 82 RAS_n/Al16 122 TDQS15C 162 VSS 202 VSS 242 DQ33 282 DQ59
3 DQ4 43 DQ30 83 VDD 123 VSS 163 | DQS1C | 203 CKE1 243 VSS 283 VSS
4 VSS 44 VSS 84 SO0_n 124 DQ54 164 | DQSIT | 204 VDD 244 | DQS4C | 284 | VDDSPD
5 DQO 45 DQ26 85 VDD 125 VSS 165 VSS 205 RFU 245 | DQS4T | 285 SDA
6 VSS 46 VSS 86 CAS_n/A15 126 DQ50 166 DQ15 206 VDD 246 VSS 286 VPP
DQS9T,DMO,
7 DBI0, TDQSOT 47 CcB4 87 ODTO 127 VSS 167 VSS 207 BG1 247 DQ39 287 VPP
8 DQS9C, 48 VSS 88 VDD 128 DQ60 168 DQ11 208 ALERT_n 248 VSS 288 VPP
TDQS9C
9 VSS 49 CBO 89 Sl n 129 VSS 169 VSS 209 VDD 249 DQ35
10 QD6 50 VSSs 90 VDD 130 DQ56 170 DQ21 210 All 250 VSS
DQS17T,DMS8,
11 VSS 51 DBI8, TDOS17T 91 ODT1 131 VSS 171 VSS 211 A7 251 DQ45
DQS17C, DQS16T,DM7,
12 DQ2 52 TDOS17C 92 VDD 132 DBI7, TDOS16T 172 DQ17 212 VDD 252 VSS
13 VSS 53 VSS 93 S2_n,C[0] 133 DQS16C, 173 VSS 213 A5 253 DQ41
— TDQS16C
14 DQ12 54 CB6 94 VSS 134 VSS 174 | DQS2C | 214 A4 254 VSS
15 VSS 55 VSSs 95 DQ36 135 DQ62 175 | DQS2T | 215 VDD 255 | DQS5C
16 DQ8 56 cB2 96 VSS 136 VSS 176 VSS 216 A2 256 | DQS5T
17 VSS 57 VSS 97 DQ32 137 DQ58 177 DQ23 217 VDD 257 VSS
DQS10T,DM1,
18 DBI1,TDQS10T 58 RESET_n 98 VSS 138 VSS 178 VSS 218 CKAT 258 DQ47
DQS10cC, DQS13T,DM4,
19 TDOQS10C 59 VDD 99 DBI4,TDOS13T 139 SAO0 179 DQ19 219 CKi1C 259 VSS
20 VSS 60 CKEO 100 DQS13C, 140 SA1l 180 VSS 220 VDD 260 DQ43
TDQS13C
21 DQ14 61 VDD 101 VSS 141 SCL 181 DQ29 221 VTT 261 VSS
22 VSS 62 ACT_n 102 DQ38 142 VPP 182 VSS 222 PARITY 262 DQ53
23 DQ10 63 BGO 103 VSS 143 VPP 183 DQ25 223 VDD 263 VSS
24 VSS 64 VDD 104 DQ34 144 RFU 184 VSS 224 BA1 264 DQ49
25 DQ20 65 Al2 105 VSS 145 12v 185 | DQS3C | 225 Al0_AP 265 VSS
26 VSS 66 A9 106 DQ44 146 VREFCA 186 | DQS3T | 226 VDD 266 | DQS6C
27 DQ16 67 VDD 107 VSS 147 VSS 187 VSS 227 RFU 267 | DQS6T
28 VSS 68 A8 108 DQ40 148 DQ8 188 DQ31 228 WE_n/Al4 268 VSS
DQS11T,DM2,
29 DBI2, TDOS11T 69 A6 109 VSS 149 VSS 189 VSS 229 VDD 269 DQ55
DQS11C, DQS14T,DMS5,
30 TDQS11C 70 VDD 110 DBI5, TDOS14T 150 DQ1 190 DQ27 230 SAVE_n 270 VSS
DQS14C,
31 VSS 71 A3 111 TDQS14C 151 VSS 191 VSS 231 VDD 271 DQ51
32 DQ22 72 Al 112 VSS 152 DQSO0C 192 CB5 232 Al3 272 VSS
33 VSS 73 VDD 113 DQ46 153 DQSO0T 193 VSS 233 VDD 273 DQ61
34 DQ18 74 CKOT 114 VSS 154 VSS 194 CB1 234 Al7,NC 274 VSS
35 VSS 75 CKoC 115 DQ42 155 DQ7 195 VSS 235 C[2].NC 275 DQ57
36 DQ28 76 VDD 116 VSS 156 VSS 196 | DQS8C | 236 VDD 276 VSS
37 VSS 77 VTT 117 DQ52 157 DQ3 197 | DQSS8T | 237 S3_n,C[1] 277 | DQS7C
38 DQ24 78 EVENT_n 118 VSS 158 VSS 198 VSS 238 SA2,RFU 278 | DQS7T
39 VSS 79 A0 119 DQ48 159 DQ13 199 CB7 239 VSS 279 VSS
DQS12T,DM3,
40 DBI3.TDOS12T 80 VDD 120 VSS 160 VSS 200 VSS 240 DQ37 280 DQ63
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16GB, 1024Mx18 Module (2 Rank x8)

BG[1:0] ——— A

BA[1:0] —

BG[1:0]A -> BG[1:0]: SDRAMs D{4:0], D[13:9]
BG[1:0]8 -> BG[1:0]: SDRAMs D{8:5], D[17:14]
BA[1:00A -> BA[1:0]: SDRAMs D{4:0], D{13:9]
BA[1:00A -> BA[1:0]: SDRAMs Df8:5], D{17:14]

M17:0] — ] R A[17:0]4 -> A[17:0]: SDRAMs Df4:0], D{17:13]
E A[17:0]6 -» A[17:0]: SDRAMs D[8:5], D{12:9]
ACT A ——py G ACTA_N => ACT_n: SDRAMs D[4:0], D[13:9]
I ACTB_n =» ACT_n: SDRAMs D[&:5], D{17:14]
FARITY - a5 PARA -= PAR: SDRAMs D[4:0], D[13:9]
T PARB -> PAR: SDRAMs D[8:5], D[17:14]
CKED - W OE CHEDA - CKE: SDRAMs D[4:0]
R CKEQB -> CKE: SDRAMs D[8:5]

KElL ———
ODTD ———'
ODTL ———
Cs0_n ——

£51_n ———A

CKELA == CKE: SDRAMs D[ 13:9]
CKELB -= CKE: SDRAMs D[ 17-14]
ODTOA - O0T: SDRAMS D4:0]
QDTS - O0T: SDRAMSs D{B:5]
QDT1A - OOT: SDRAMs D[13:9]
QDT1B - O0T: SDRAMs Df17:14]
CS04_n -> CS_n: SDRAMs D{4:0]
CS0B_n -= C5_n: SDRAMs D[&:5]
CS1A_n == CS_n: SDRAMs D[ 13:9]
CS1B_n -= C5_n: SDRAMs D[17:14]

CrO_t ¥O_t - CK_b: SDRAMs D[8:5]
¥1_k =2 CK_: SDRAMs D[4:0]
¥2_t -» CK_C: SDRAMSs D[17:14]
¥3_t - CK_C: SDRAMs D[13:9]
CKO_¢ Yi_c -» CK_t: SDRAMs D[B:5]
CK1_t ¥1_e-= CH_t: SORAMs D[4:0]
% Y2_¢-> CK_C: SDRAMs D[ 17:14]
CKl_e ¥3i_c-» CK_C: SDRAMs D[ 13:9]
RESET_n — QRST_n => RESET_n: All SDRAMS
ALERT_n — ERROR_IN_n <- ALERT_n: All SDRAMs

Note:

1. CKO_t, CKO_c terminated with 120 £ = 5% resistor.
2. CK1_t, CK1_c terminated with 120 £2 = 5% resistor but not used.
3. Unless otherwise noted resistors are 220 5%
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CKIEDA CHEDE
ODOTDA OoToE
CS04_n CS08_n
CKELA CXE18
OOT1A O0T18
CS518_n | CS1B_n |
BBy Jpv-vs| HEy mpnos BBy 2| BBy mpvs
DOSE b s D05t DOs_¢ Eqﬁq_t:ﬂ\:mﬁ_t DSt
DOEA_e — D5 _c DOE_c DOS4_E D5 ¢ D5 e
®pa —sjogry D4 gz D13 og 3=:2) —wogrrm D pgirq D14
DBE_nfDME_n —a DEL_n/DM_n DIET_ry'T_n DEI4_n/DiM4_n — - DBL_n/D#_n DB TM_n
1L 1 1 1L 1 1 || 1 11
E
g'gﬁl H—vss ggg Zg|h—vss g'g@ g —vss 555‘ {4 —vs
oq 3tz —w{oa e D3 gy D12 0Q [4740] ~n+{Dq (7o) D6 pgrrg D15
DEE_nfDM3_n — DEL_n/'DM_n DEI_n/DM_n DBIS_n/DMS_n —&A™ DBL_n/DM_n DBEL_nfDk_n
[ [ [ [
EEg mpwovs) BB g mpwovs BEg |pwvs| BB g Apwevs
002,40 0G5 Dgs.t Dgse.s ~n0gs DGs_t
DOE2_e —a [ DOS ¢ WSE [
bg [23:18] —sjpg D2 ogrg D11 og [s5-48] —-{pq 7o D7 gy D16
DBLR2_rfDM2_n —a DEI_n/DM_n DEI_n/DfM_n DBIE_n/DME_n —a" | DBRI_a/Dk_n DEL_nfTk_n
L1 1 L1 1 [ L 11
g'gg' NH—vEs gg@ | —vss g'gg 2 [ —ss g'gg [ —VSE
DQS_t —{ DGS_t DQs_t DQS7_t —*{ DSt DQS_t
ok —ar e g DL e e W (T oy D17
DBI1 Y01 ] DR AYM_ DR ADM_n DEL7 AIDM?. ] DAL
[ 11 [ 11
EEQ 20— VES ggglm—*wws
DQS0_t — DQS.t Dgs_t
DQS0_ | DS e Dgse
g —w oo DO pgra) D9
DEN_rfDMD_n — DEL_n/DM_n DIET_ry'C_n
Vppsso ——————————— RCD, Serial PD sDA —»[sDA | L [soa D
'u'Pp—_L—— Do=D17 o — - — .
Voo T T T =017 EVENT_n —] EVENT_n W55 —{ BFUNC
iy ———F SAD SAl1 SA2 SAD S5A1 SA2
VREFCA | DO-D17 | | [ I I
v SAD SAL1 saz SAD—" SAl sSAZ
Ve DO-D17, RCD, Serial PD Serial PD with Thermal sensar iKE%
Mote:

1. Unless otherwize noted, resistor values are 150 +5%.
2_ See the Met Structure diagrams for all resistor associated with the command, address and control bus.

3. ZQ resistors are 240 2 +1%.For all other resistor values refer to the appropriate wiring diagram.
4_ The TEM pin on the SDRAM= are tied to Vss.
5. %WDD and YDDSPD also connect to the RCD

This technical information is based on industry standard data and tests believed to be reliable. However, Advantech makes no warranties, either
expressed or implied, as to its accuracy and assume no liability in connection with the use of this product. Advantech reserves the right to make
changes in specifications at any time without prior notice.
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Operating Temperature Condition

Parameter Symbol | Rating | Unit| Note
Operating Temperature TOPER Oto 85 °C 1,2
Note: Operating Temperature is the case surface temperature on the center/top side of the DRAM. For the
measurement conditions, please refer to JESD51-2 standard.

Absolute Maximum DC Ratings

Parameter Symbol Value Unit Note
Voltage on VDD relative to Vss VDD -0.3~1.5 V 1
Voltage on VDDQ pin relative to Vss VDDQ -0.3~1.5 V 1
Voltage on any pin relative to Vss VIN, VOUT -0.3~1.5 V 1
Storage temperature TSTG -55~+100 °C 1,2

Note: 1.

Stress greater than those listed under “Absolute 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 conditions
above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect reliability.
2. Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the
measurement conditions, please refer to JESD51-2 standard.

AC & DC Operating Conditions

Recommended DC operating conditions

Rating
Parameter Symbol Voltage Unit| Notes
Min Typ. Max

Supply voltage VDD 1.2v 1.14 1.2 1.26 V | 1,23
Supply voltage for Output VDDQ 1.2v 1.14 1.2 1.26 1,2,3
I/O Reference Voltage (DQ) VREFpo(DC) 1.2v 0.49*VDD 0.50*vDD 0.51*vDD \Y 4
I/O Reference Voltage (CMD/ADD) | VREFcA(DC) 1.2V 0.49*VDD 0.50*vDD 0.51*vDD V 4
AC Input Logic High VIH(AC) 1.2v VREF+100 - VDD? mV
AC Input Logic Low VIL(AC) 1.2v VSS? - VREF-100 | MV
DC Input Logic High VIH(DC) 1.2v VREF+75 - VDD mV
DC Input Logic Low VIL(DC) 1.2v VSS - VREF-75 mV

Note:

(1) Under all conditions VDDQ must be less than or equal to VDD.

(2) VDDQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.

(3) The DC bandwidth is limited to 200MHz.
(4) The AC peak noise on VREF may not allow VREF to deviate from VREF(DC) by more than £1% VDD

(for reference: approx. £12mV)
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IDD Specification parameters Definition - 16GB (2 Rank x8)

Parameter Symbol DDR4 2400 CL17 Unit
One bank ACTIVATE-PRECHARGE current IDDO" 1078 mA
One bank ACTIVATE-PRECHARGE, wordline boost, IPP current IPPO" 83 mA
One Bank Active-Read-Precharge Current IDD1* 1209 mA
Precharge Standby Current IDD2N? 979 mA
Precharge standby ODT current IDD2NT* 1069 mA
Precharge Power-Down Current IDD2P? 630 mA
Precharge Quiet Standby Current IDD2Q2 889 mA
Active standby current IDD3N? 1303 mA
Active standby IPP current IPP3N? 270 mA
Active Power-Down Current IDD3P? 972 mA
Burst Read Current IDD4R" 1893 mA
Burst write current IDDAW* 1857 mA
Burst refresh current (1x REF) IDD5B" 2500 mA
Burst refresh IPP current (1x REF) IPP5B* 614 mA
Self refresh current: Normal temperature range (0—85°C) IDD6N? 418 mA
Self refresh current: Extended temperature range (0—95°C) IDD6E? 526 mA
Bank interleave read current IDD7* 2145 mA
Bank interleave read IPP current IPP7* 200 mA
Maximum power-down current IDD8” 238 mA

Note: 1. One module rank in the active IDD/PP, the other rank in IDD2P/PP3N.
2. All ranks in this IDD/PP condition.
3.IDD current measure method and detail patterns are described on DDR4 component datasheet. Only for
reference.
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m Timing Parameters & Specifications

Speed [ DDR4-1866 | DDR4-2133 [ DDR4-2400 ] )
Parameter [ symbol [N [MAX [MIN [MAX [MIN [MAX | Units | NOTE
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tCK (DLL_OFF) 8 - 8 - 8 20 ns 22
Average Clock Period tCK(avg) 1.071 <1.25 0.938 <1.071 0.833 <0.938 ps 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tClL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
. tCK(avg)min + tCK(avg)max + tCK(avg)min + tCK(avg)max + tCK(avg)min + tCK(avg)max +
Absolute Clock Period tCK(abs) tIT(per)min_tot | tIT(per)m ax_tot | tJIT(per)min_tot | tJIT(per)max_tot | tJIT(per)min_tot | tJIT(per)m ax_tot tCK(avg)
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 23
Absolute clock LOW pulse width tCL(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 24
Clock Period Jitter- total JIT(per)_tot -54 54 -0.1 0.1 -42 42 ps 23
Clock Period Jitter- deterministic JIT(per)_dj -27 27 TBD TBD -21 21 ps 26
Clock Period Jitter during DLL locking period tIT(per, Ick) -43 43 TBD TBD -33 33 ps
Cycle to Cycle Period Jitter tIT(cc)_total 107 94 83 ps 25
Cycle to Cycle Period Jitter deterministic t)IT(cc)_dj 54 47 42 ps 26
z::il;to Cycle Period Jitter during DLL locking UIT(cc, Ick) 86 75 67 ps
Duty Cycle Jitter UIT(duty) TBD TBD TBD TBD TBD TBD ps
Cumulative error across 2 cycles tERR(2per) -79 79 -69 69 -61 61 ps
Cumulative error across 3 cycles tERR(3per) -94 94 -82 82 -73 73 ps
Cumulative error across 4 cycles tERR(4per) -104 104 -91 91 -81 81 ps
Cumulative error across 5 cycles tERR(5per) -112 112 -98 98 -87 87 ps
Cumulative error across 6 cycles tERR(6per) -119 119 -104 104 -92 92 ps
Cumulative error across 7 cycles tERR(7per) -124 124 -109 109 -97 97 ps
Cumulative error across 8 cycles tERR(8per) -129 129 -113 113 -101 101 ps
Cumulative error across 9 cycles tERR(9per) -134 134 -117 117 -104 104 ps
Cumulative error across 10 cycles tERR(10per) -137 137 -120 120 -107 107 ps
Cumulative error across 11 cycles tERR(11per) -141 141 -123 123 -110 110 ps
Cumulative error across 12 cycles tERR(12per) -144 144 -126 126 -112 112 ps
Cumulative error across 13 cycles tERR(13per) -147 147 -129 129 -114 114 ps
Cumulative error across 14 cycles tERR(14per) -150 150 -131 131 -116 116 ps
Cumulative error across 15 cycles tERR(15per) -152 152 -133 133 -118 118 ps
Cumulative error across 16 cycles tERR(16per) -155 155 -135 135 -120 120 ps
Cumulative error across 17 cycles tERR(17per) -157 157 -137 137 -122 122 ps
Cumulative error across 18 cycles tERR(18per) -159 159 -139 139 -124 124 ps
Cumulative erroracross n = 13,14 ...49, 50 {ERR(nper) tERR(nper)min = ((1 + 0.68In(n)) * tJIT(per)_total min) s
cycles P tERR(nper)max = (L + 0.68In(n)) * UIT(per)_total max) P
Command and Address setup time
to CK_t, CK_c referenced to tIS(base) 100 - 80 - 62 - ps
Vih(ac) / Vil(ac) levels
Command and Address setup time
to CK_t, CK_c referenced to Vref tIS(Vref) 200 - 180 - 162 - ps
levels
Command and Address hold time
to CK_t, CK_c referenced to tIH(base) 125 - 105 - 87 - ps
Vih(dc) / Vil(dc) levels
Command and Address hold time
to CK_t, CK_c referenced to Vref tIH(Vref) 200 - 180 - 162 - ps
levels
Control and Address Input pulse
width for each input Pw 525 ) 460 ) 410 ) ps
Command and Address Timing
CAS_n to CAS_n command delay for same max(5 nCK, max(5 nCK, max(5 nCK,
bank group tccoL 6.250 ns) 6.250 ns) 6.250 ns) ncK 34
CAS_n to CAS_n command delay for different bank tccp.s 4 ; 4 ) 4 ; ncK 34
group
ACTIVATE to ACTIVATE Command delay to different
bank group for 2KB page size tRRD_S(2K) Max(4nCK;,5.3ns) - Max(4nCK;5.3ns) - Max(4nCK,5.3ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to different | o 51 | Max(anck4.2ns) - Max(4nCK 3.7ns) - Max(4nCK,3.3ns) - nck | 34
bank group for 1KB page size
ACTIVATE to ACTIVATE Command delay to different
bank group for 1/2KB page size tRRD_S(1/2K) Max(4nCK,4.2ns) - Max(4nCK,3.7ns) - Max(4nCK,3.3ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to same
bank group for 2KB page size tRRD_L(2K) Max(4nCK;,6.4ns) - Max(4nCK,6.4ns) - Max(4nCK,6.4ns) - nCK 34
ACTIVATE to ACTIVATE Command delay to same tRRD_L(IK) | Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - Max(4nCK,4.9ns) - ncK 34
bank group for 1KB page size
ACTIVATE to ACTIVATE Command delay to same
bank group for 1/2KB page size tRRD_L(1/2K) Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - Max(4nCK4.9ns) - nCK 34
Four activate window for 2KB page size tFAW_2K Max(28nCK 3 - Max(28nCK 3 - Max(28nCK 3 - ns 34
Ons) Ons) Ons)
Four activate window for 1KB page size tFAW_1K Max(20nCK.2 - Max(20nCK,2 - Max(20nCK.2 - ns 34
3ns) 1ns) 1ns)
Four activate window for 1/2KB page size tFAW_1/2K Max(16nCK 1 - Max(16nCK 1 - Max(16nCK 1 - ns 34
7ns) 5ns) 3ns)
Delay from start of internal write transaction to Max(28nCK, 12e,
internal read command for different bank group tWIR S max(2nCK.2.5ns) ) 30ns) ) max(2nCK, 2.5ns) ) 34
Pelay from start of internal write transaction to WTR L max(4nCK7.5ns) : Max(20nCK, ; max(4nCK7.5ns) : 134
internal read command for same bank group 21ns)
Internal READ Command to PRECHARGE Command RTP max(4nCK,7.5ns) R Max(16nCK, R max(4nCK.7.5ns) R
delay 13ns)
WRITE recovery time tWR 15 - 15 - 15 - ns 1
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Speed DDR4-1866 DDR4-2133 DDR4-2400 Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
N . tWR+max tWR+max tWR+max
Write recovery time when CRC and DM are enabled tWR_CRC _DM (5nCK3.75ns) - (5nCK3.75ns) - (5nCK3.75ns) - ns 1,28
itemalrend command frdforentbank roupith | (WIRSC | tWTR S max : SNTR S +max : TR S +max : o |2
both CRC and DM enabled RC_DM (5nCK,3.75ns) (5nCK,3.75ns) (5nCK,3.75ns) 29,34
el s cormmand o same bankgrapoith | WWTRLC | GHTR Lymax : OWTR L mx : WWTR Lymax : ns |33034
both CRC and DM enabled RC_DM (5nCK,3.75ns) (5nCK,3.75ns) (5nCK,3.75ns)
DLL locking time tDLLK 597 - 768 - 768 - nCK
Mode Register Set command cycle time tMRD 8 - 8 - 8 - nCK
Mode Register Set command update delay tMOD max(24nCK,15ns) - max(24nCK,15ns) - max(24nCK,15ns) -
Multi-Purpose Register Recovery Time tMPRR 1 - 1 - 1 - nCK 33
. . . N tMOD (min) tMOD (min) tMOD (min)
Multi Purpose Register Write Recovery Time tWR_MPR +AL+PL - +AL+PL - +AL+PL -
Auto prechi?rge write recovery + tDAL(min) Programmed WR + roundup ( tRP / tCK(avg)) nCK
precharge time
DQO or DQLO driven to 0 set-up R R R
time to first DQS rising edge tPDAS 05 05 05 ul 4547
DQO or DQLO driven to 0 hold time
from last DQS fall-ing edge tPDA_H 0.5 - 0.5 - 0.5 - ul 45,47
CS_n to Command Address Latency
CS_n to Command Address Latency [ tCAL [ 4 [ - [ 4 [ - [ 5 [ - [ nck ]
DRAM Data Timing
DQS_t,DQS_c to DQ skew, per group, per access tDQSQ - 0.16 - 0.16 - 0.16 tCK(avg)/2| 13,18
DQ output hold time from DQS_t,DQS_c tQH 0.76 - 0.76 - 0.76 - tCK(avg)/2|13,17,18
Data Valid Window per device: tQH 16,17,1
~DQSQ for a device tbvwd 0.63 - 0.64 - 0.64 - Ul 3
Data Valid Window per device, per 16,17,1
pin: tQH - tDQSQ each device’ s output tbvwp 0.66 069 0.72 ut 8
Data Strobe Timing
i i 0.9 NOTE44 0.9 NOTE44 0.9 NOTE44
EQS,t,bI?QS,c differential READ (RPRE K 40
reamble NA NA NA NA 18 NOTE44
DQS.t, DQS c differential READ RPST 033 8D 033 8D 033 8D K 41
p
QQS,F,DQS,C differential output tQSH 04 R 04 R 04 R K
high time
DQSTt,DQS_c differential output tQsL 04 R 04 R 04 R K 21
low time
i - 0.9 - 0.9 - 0.9 -
EQS,t,bIIDQS,c differential WRITE fWPRE K 20
reamble NA NA NA NA 18 NOTE44
2QSJ' DQS_c differential WRITE twPST 033 8D 033 TBD 033 TBD tCK 42
DQS_t and DQS_c low-impedance R R R
time (Referenced from RL-1) tLZ(DQS) 390 195 360 180 300 150 tCK 43
DQS_t and DQS_c high-impedance R R )
time (Referenced from RL+BL/2) tHZ(DQS) 195 180 150 tcK
DQS 1, DQS c differential input low DQSL 0.46 0.54 046 0.54 046 0.54 ps
pulse width
DQS_t, DQS_c differential input
high pulse width tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 ps
DQS_t, DQS_c rising edge to CK_t, ] ; }
CK ¢ rising edge (1 clock preambie) tDQSS 0.27 0.27 0.27 0.27 0.27 0.27 tCK
DQS_t, DQS_c falling edge setup R R R
time to CK_t, CK_c rising edge tDSS 0.18 0.18 0.18 tcK
DQS_t, DQS_c falling edge hold R R R
time from CK_t, CK crising edge tDSH 018 0.18 0.18 tex
DQS_t, DQS_c rising edge output
timing locatino from rising CK_t, (tDDLQLSOC; -195 195 -180 180 -175 175 ps 37'38'3
CK_c with DLL On mode
DQS_t, DQS_c rising edge output tDQSCKI 37,383
variance window per DRAM (DLLOn) 330 310 2%0 ps 9
MPSM Timing
. tMOD(min) + R tMOD(min) + R tMOD(min) + R
Command path disable delay upon MPSM entry tMPED tCPDED(min) tCPDED(min) tCPDED(min)
. . tMOD(min) + R tMOD(min) + R tMOD(min) + R
Valid clock requirement after MPSM entry tCKMPE tCPDED(min) tCPDED(min) tCPDED(min)
Valid clock requirement before MPSM exit tCKMPX tCKSRX(min) - tCKSRX(min) - tCKSRX(min) -
Exit MPSM to commands not requiring a locked DLL tXMP txs(imin) - txs(imin) - txs(imin) -
N . tXMP(min) + tXMP(min) + tXMP(min) +
Exit MPSM to commands requiring a locked DLL tXMPDLL XSDLL(min) - XSDLL(min) - XSDLL(min) -
CS setup time to CKE tMPX_S tISmin + tIHmMin - tISmin + tIHmMin - tISmin + tIHmin -
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - 1024 - 1024 - nCK
Normal operation Full calibration time tZQoper 512 - 512 - 512 - nCK
Normal operation Short calibration time tZQCS 128 - 128 - 128 - nCK
Reset/Self Refresh Timing
max max max
Exit Reset from CKE HIGH to a valid command tXPR (5nCKtRFC(min)+ - (5nCKtRFC(min)+ - (5nCKtRFC(min)+ -
10ns) 10ns) 10ns)
Dt Self Refresh to commands not requiring a ocked s tRFC(min) +10ns - tRFC(min)+10ns - tRFC(min)+10ns -
SRX to commands not requiring a locked DLL in Self X . X .
Refresh ABORT tXS_ABORT(min) | tRFC4(min)+10ns - tRFC4(min)+10ns - tRFC4(min)+10ns -
Exit Self Refresh to ZQCL,ZQCS and MRS . . . .
(CLCWLWR RTP and Gear Down) tXS_FAST (min) tRFC4(min)+10ns tRFC4(min)+10ns tRFC4(min)+10ns
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AD\‘\NTECH 288Pin DDR4 2400 1.2V R-DIMM

Enabling an Intelligent Planet 16GB Based on 1024Mx8
AQD-D4U16R24-HE

Speed DDR4-1866 DDR4-2133 DDR4-2400 Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
Exit Self Refresh to commands requiring a locked DLL tXSDLL tDLLK(min) - tDLLK(min) - tDLLK(min) -
Minimum CKE low width for Self refresh entry to exit . . .
timing tCKESR tCKE(min)+1nCK - tCKE(min)+1nCK - tCKE(min)+1nCK -
ﬂ?'r';”mxcit'(tmnw ‘m:‘ Cf:’ Self refresh tCKESR_ tCKE(min)+ i tCKE(min) + i CKE(min) + i
yioe 9 PAR 1nCK+PL 1nCK+PL 1nCK+PL
Parity enabled
Valid Clock Requirement after Self Refresh Entry
(SRE) or Power-Down Entry (PDE) tCKSRE max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
Valid Clock Requirement after Self Refresh Entry {CKSRE PAR max R max ; max R
(SRE) or Power-Down when CA Parity is enabled - (5nCK,10ns)+PL (5nCK,10ns)+PL (5nCK,10ns)+PL
Valid Clock Requirement before Self Refresh Exit
(SRX) or Power-Down Exit (PDX) or Reset Exit tCKSRX max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
Power Down Timing
Exit Power Down with DLL on to any valid command;
Exit Precharge Power Down with DLL frozen to tXP max (4nCK,6ns) - max (4nCK,6ns) - max (4nCK,6ns) -
commands not requiring a locked DLL
CKE minimum pulse width tCKE max (3nCK, 5ns) - max (3nCK, 5ns) - max (3nCK, 5ns) - 31,32
Command pass disable delay tCPDED 4 - 4 - 4 - nCK
Power Down Entry to Exit Timing tPD tCKE(min) 9*tREFI tCKE(min) 9*tREFI tCKE(min) 9*tREFI 6
Timing of ACT command to Power Down entry tACTPDEN 1 - 2 - 2 - nCK 7
l'l'::rl;g of PRE or PREA command to Power Down PRPDEN 1 R 5 R 2 R nCK 7
Timing of RD/RDA command to Power Down entry tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - nCK
Timing of WR command to Power Down AWRPDEN WL+4+(tWR/ _ WL+4+(tWR/ R WL+4+(tWR/ ~ ncK 4
entry (BL8OTF, BLBMRS, BC40OTF) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRA command to Power Down entry
(BLSOTF, BLEMRS, BCAOTF) tWRAPDEN WL+4+WR+1 WL+4+WR+1 WL+4+WR+1 nCK 5
Timing of WR command to Power Down WL+2+(tWR/ WL+2+(tWR/ WL+2+(tWR/
entry (BC4AMRS) tWRPBCADEN tCK(avg)) tCK(avg)) tCK(avg)) nck 4
Timing of WRA command to Power Down entry
(BCAMRS) tWRAPBC4DEN WL+2+WR+1 - WL+2+WR+1 - WL+2+WR+1 - nCK 5
Timing of REF command to Power Down entry tREFPDEN 1 - 2 - 2 - nCK 7
Timing of MRS command to Power Down entry tMRSPDEN tMOD(min) - tMOD(min) - tMOD(min) -
PDA Timing
m;’g: Register Set command cycle time in PDA tMRD_PDA | max(16nCK,10ns) max(16nCK,10ns) max(16nCK,10ns)
mg:: Register Set command update delay in PDA tMOD_PDA tMOD tMOD tMOD
ODT Timing
Afynchronous RTT turn-on delay (Power-Down tAONAS 10 90 10 9.0 10 9.0 ns
with DLL frozen)
A§ynchronous RTT turn-off delay (Power-Down tAOFAS 10 90 10 90 10 9.0 ns
with DLL frozen)
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 tCK(avg)
Write Leveling Timing
First DQS,t/DQS,n rising edge after write leveling fWLMRD 20 R 40 R 20 R nCK 12
mode is programmed
DQS_t/DQS_n delay after write leveling mode is tWLDQSEN 25 ~ 25 ~ 25 ~ nCK 12
programmed
Write leveling setup time from rising CK_t, CK_c R R R
crossing to rising DQS_t/DQS_n crossing twLs 013 013 013 tCK(avg)
erte' Ievelln'g'hold time from r|5|pg DQS_t/DQS_n tWLH 013 R 013 R 013 R tCK(avg)
crossing to rising CK_t, CK_ crossing
Write leveling output delay tWLO 0 9.5 0 9.5 0 9.5 ns
Write leveling output error tWLOE ns
CA Parity Timing
tch?t?::ds notguaranteed to be executed during | 1prp |NKNOWN - Max(2nCK,3ns) - Max(2nCK,3ns) - Max(2nCK3ns)
Delay from errant command to ALERT.n tPAR_ALERT_ON - PL+6ns - PL+6ns - PL+6ns
assertion
Pulse width of ALERT_n signal when asserted tPAR_ALERT_PW 56 112 64 128 72 144 nCK
Time from when Alert is asserted till controller must
start providing DES commands in Persistent CA tPAR_ALERT_RSP - 50 - 57 64 nCK
parity mode
Parity Latency PL 4 4 5 nCK
CRC Error Reporting
CRC error to ALERT_n latency [ tCRCALERT | 3 [ 13 [ 3 [ 13 [ 3 [ 13 [ ns ]
CRC ALERT n pulse width | CRCALERT PW_| 6 | 10 | 6 I 10 I 6 | 10 [ nck |
tREFI
2Gb 160 - 160 - 160 - ns
. 4Gb 260 - 260 - 260 - ns
(RFCL (min) 3Gb 350 - 350 - 350 - ns
16Gb TBD - TBD - TBD - ns
2Gb 110 - 110 - 110 - ns
. 4Gb 160 - 160 - 160 - ns
(RFC2 (min) 8Gb 260 - 260 - 260 - ns
16Gb TBD - TBD - TBD - ns
2Gb 90 - 90 - 90 - ns
. 4Gb 110 - 110 - 110 - ns
{RFCA (min) 8Gb 160 - 160 - 160 - ns
16Gb TBD - TBD - TBD - ns
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ADMNTECH

Enabling an Intelligent Planet

288Pin DDR4 2400 1.2V R-DIMM
16GB Based on 1024Mx8
AQD-D4U16R24-HE

SERIAL PRESENCE DETECT SPECIFICATION

(AQD-D4U16R24-HE Serial Presence Detect)

Byte Function Described Function HEX Value
0 |Mumber of Byles Used / Number of Byles in SPD Devics | CRC Caverage SPD Tatal: 512Byies, SPD Used : 384Byles 23
1 SP0 Revisian Wieraian 1.1 11
2 |Key Byle  DRAM Device Type DOR4 SDRAM [1¥]
3 |Key Byle § Module Typs RDIMM [} ]
4 [SDRAM Densily and Banks 4 bank group | 4 barik BGb 85
5 |SDRAM Addressing Rl : 18 Colunn : 10 2
8 |SDRAM Devics Type Mene [ Single die a0
7 |SDRAM Oplional Features Unlimited MAC 08
8  |[SDRAM Thenmal and Relresh Oplions - aa
9 |Oiher SDRAM Oponal Fealunes PPR Supparied 40
10 |Reserved = aa
11 |Module Nominal WVoltage, VDD 1.2 03
12 [Modue Organization 2Rank [ i ]
13 [Module Memory Bus Width abil ECC | ibits [}
14 |Module Thenmal Sensor Thenmal Sensar on module a0

16=~16 |Reserved - aa
17 |Timebases MTR: 126p8 [ FTE: 1ps 00
18 |SDRAM Minimum Cycle Time (ICKAVGminy 0833 s a7
19 |SDRAM Maximum Cycle Time [ECHKAVG max) 1.6 s oD
20 |CAS Latencies Supporbed, First Byle CL 10,11,12,13,14 Fa
21 (CAS Latencies Supported, Second Byte CL 15,18,17.18 oF
22 |CAS Latencies Supnedted, Third Byle - 00
73 |CAS Latences Suppedted, Fourh Byle - 00
24 [Minirmum CAS Latency Time(lAAmin) 13.75 s 6E
25  |Minirmwm RAS io CAS Delay Time (IRCDmin) 13.75 2 BE
26 |Minirnum Rew Precharge Delay Time (IRPriin) 13.75 e 6E
27 |Uppesr Mibbles for IRASMIn and RCmin - 11
28 |Minirum Aclive b Prechange Delay Time (IRASTM), Leas! Saniicant Byl e 00
23 |Minimum Aclive o Adive/Refresh Delay Time PRCrmin), Least Significan Byle 45.75 s GE
30 |Minimum Refresh Recovery Delay Time (IRFC imin), Least Significard Byle 260 ra FO
31 |Minimum Refresh Resovery Delay Time (IRFC imin), Mast Significan Byle oA
32 |Minimum Refresh Recovery Delay Time (IRFC2min), Least Significard Byle 2650 s 20
33 |Minimum Refresh Resovery Delay Time (IRFC2min), Mast Significan Byle 08
34 |Minimum Refresh Recovery Delay Time (IRFC4min), Least Significard Byle — aa
35  |Minimum Refresh Resovery Delay Time (IRFC4min), Mast Significan Byle a5
35 |Upser Nibble for FAW _— aa
37 |Minimum Four Aclivale Window Delay Time (IFAWmin), Least Significant Byle Ag
38 |Minimum Aclivale io Acivate Delay Time (IRRD_Smin), different bank group 33m 1B
39 [Minimum Aclivale io Ackvate Delsy Time (IRRD_Lmin), same bank group 4.9 e 28
40 Iinirnum CAS to CAS Delay Time 100D Lmin), same bank group 5 rs 28
41 e Mibile fin Hi 15 s aa
42 [Felini o Wrile Fesoverny Tirme SR min) 15 s 78
43 Upper Mibiles for BATRmiA 2.5 s aa
44 il 1o Read Time{lWTR_smin), different bank groug 2.5 s 14
45 i Wirile 1o Read Time{lWWTR_Lr samme bank graup 7.5 I

48~59 |Reserved, Base ConfiguraBion Seclion - aa
60 |Connector o SDRAM Bil Mapping Da0, Da1, DRZ, D3 [+
61 |Connector o SDRAM Bil Mapping DO4, DG5S, DO D7 e
g2  |Connector o SDRAM Bil Mapping OB, DO, DA, DO [+
63 |Connector o SDRAM Bil Mapping D2, DO13, COid, D5 e
64 |Connector o SDRAM Bil Mapping D16, DO17, D018, Do [+
65 |Connector o SDRAM Bil Mapping D20, DO21, D022, DO23 e
68  |Conrector lo SDRAM Bil Mapping DO24, DO25, D026, DOET [
67  |Conrector lo SDRAM Bil Mapping DQOZE, DO29, D030, D031 e
68  |Connector lo SDRAM Bil Mapping CHO-3 oc
B9 |Connector lo SDRAM Bil Mapping CB4-7 2c
70 |Conrector lo SDRAM Bil Mapping DO32, DO33, 034, D035 oc
71 (Connector io SDRAM Bil Mapping D36, DO37, O03s, DO3s 2c
72  |Connector lo SDRAM Bil Mapping DO40, DO41, DO4Z2, D43 oc
73  |Conrector lo SDRAM Bil Mapping D044, DO45, D46, DOET 2c
74 |Connector lo SDRAM Bil Mapping DO4B, D049, D050, D051 oc
75 |Connectar o SDRAM Bil Mapping D052, DOS3, D064, DOS5 wc
78 |Connectar o SDRAM Bil Mapping D056, DOST, DOES, DoSS oc
77 |Connectar o SDRAM Bil Mapping DOE0, DOE1, DOE2, D083 26
TA~116 |Reterved, Bate Cmmuaimsxlim - a0
117 |Fime Offeet for Manimum CAS o CAS Delay Tima(iCCD_Lmin), same bank group L aa
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ADMNTECH

Enabling an Intelligent Planet

288Pin DDR4 2400 1.2V R-DIMM
16GB Based on 1024Mx8
AQD-D4U16R24-HE

Byte Function Described Functhsn HEX Value
118 |Fime Offsed for Minimum Activale 1o Activale Delay TimatRRD_Lmin), diferen bank groun 0. 1n& [T
110 |Fime Offsed for Minimum Activale 1o Aclivale Delay TimalRRD_Smin), same bank grous -0.076ns B4
120  |Five Offsed for Minimum Activate 1o Aclivaleferesh Delay Time(IRCrmin) Dng 00
121 |Fine Offsed for Minimum Row Prechargs Deday Tima{IRPrin) Drig 00
122 |Fine Offsed for Minimum RAS 1o CAS Delay Time(1RCDmin} Drig [1]1]
123 |Fine Offsed for Minimum CAS Labeney Tirne{LAAmin) Drs [1]1]
124  |Fine Offsed for SDRAM Maximum Cyde Time(iCKAVGmax) =0.026m8 ET
126  |Fine Offsed for SDRAM Miremum Cyecle Time{PCEAVGmIn) =0.04218 D&
126 |Cyclical Redundaney Code for Base Cenhguralion Sechon, LSB CRC-CCITTLOW) Al
127  |Cydlical Redundancy Code for Base Cenfiguration Saclion, MSB CRC-CCITT{HIGH) a1
128 [(Registensd): Raw Card Exbengion, Madule Hominal Heighi Revision 1 | 31.25mm 11
128 |(Registered): Module Masimum Thickness 11
130 |(Registered): Reference Raw Card Used Faw Card E | Revision 1 24
131 |(Registered): DIMM Module Allibubes 1 Register/1 Fow each side a5
132 ||Registered): ROIMM Thermal Heal Spreader Solulion 00
133 ||Registered): Register Marfaclrer ID Code, LSB ] 86
134 [[Rensiered): Register Marfacier 1D Code, MSB Montage 32
135 [(Registened): Register Revision Number Montage CO co
136 |(Regislersd): Address Mapping from Regisler o DRAM Mirrored o
137 [{Registered): Register Output Drive Sirength for Contrel C“"'”;Lf"fé,’;ﬂ;?ﬂ;ﬂ . 10
138 |(Registered): Register Oulpul Drive Strength for CK ¥1.¥ 3 Light DrivefD,YZ Light Drive [a[u]

138~ 253 |(Registered). Reserved - oo
754 ||Registered): Cyclical Redundancy Code for Module Spedhc Seclion, LSB CRC-CCITT{LOW) 18
755  ||Registered): Cyclical Redundancy Code for Module Spedhs Seclion, MSE CRC-CCITT{HIGH) 85

256~ 316|Hyteid Memory Archilecyure Spedihc Parameles - 00
320 |Module Manufacturer ID Code, LSE ADATA [T
321 |Module Manufacturer 0 Code, MSE CB
327 |Module ID: Module Manufacturing Location “Mote: 1
323 |Module ID: Module Manufacturing Dabe(Year) “Mote: 2
324 |Module ID: Module Manufacturing Date(\Week) “Mote: 3

326326 [Module 10 : Module Sesial Mumbes “Note: 4

320348 [Module Pan Mumber “Mote: § B

340 |Module Revition Code 00
350 |SDRAM Manufacturer's JEDEC ID Code, LSB a0
351 |SDRAM Manfacturers JEDEC 1D Code, M55 Hynix AD
352 |DRAM Sleppng - FF

355381 [Manufacturers Specie Data “Note: 6 B

382 |Reserved 00
383 |Reserved - 00

384~511|End User Programmable “Maba: 7

Note : 1. Byte 322 -- Manufacturing location by manufacturing location (00:Taiwan /01:China)

2. Byte 323 -- Module manufacturing date by year (YY).
3. Byte 324 -- Module manufacturing date by week (WW).

4. Bytes 325~328 -- Module Serial Number.

5. Bytes 329~348 -- Manufacturer Part Number by module part number ,

blanks (20h)).

6. Bytes 353~381 -- These bytes are undefined and can be used for ADATA's own purpose. Digits are coded as

00h except the following:
6-1. Bytes 353~367 -- Manufacturer's Specific Data by working order number.
6-2. Bytes 368~381 -- Manufacturer's Specific Data by SPD naming number.

7. Bytes 384~511 -- These bytes are undefined and can be used for ADATA's own purpose. Digits are coded as

00h except the following:

7-1. Bytes 384 -- The byte is coded as ADh.

(Unused digits are coded as ASCII
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