X YUNDAI

HY5116160 Series

1M x 16-bit CMOS DRAM with 2CAS

DESCRIPTION

The HY5116160 is the new generation and fast dynamic RAM organized 1,048,576 x 16-bit. The HY5116160
utilizes Hyundai's CMOS silicon gate process technology as well as advanced circuit techniques to provide wide
operating margins to the users. Multiplexed address inputs permit the HY5116160 to be packaged in standard
42/42 pin plastic SOJ, 44/50 pi TSOP-Il and Reverse TSOP-|I.

The package size provides high system bit densities and is compatible with widely available automated testing
and insertion equipments. System oriented feature includes single power supply of 5Vt 10% tolerence and direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

+ Low power dissipation

« Max. battegy back-up 3.3mW (SL.part
standby ::mvv&l SL-part]
.5m

Max. TTL standby 11.0mW

Max. CMO.

Max. operating

Speed ' Power |
70 . 550mwW
80 . 495mW
100 @ 440mW

Fast access Time

Single power supply of 5V+10%
TTL compatible inputs and outputs
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Speed | tRAC | tcac | tPC
70 | 70ns 20ns 45ns BLOCK DIAGRAM
80  80ns | 20ns | 50ns |
100 100ns | 25ns | 60ns | i D‘f‘_ ) ogeogs
» Fast page mode operation
« 2CAS inputs for upper and lower byte control Laj ol i A
« Read-Modify-Write capability DATA INPUT DATAOUTRUT
« CAS-before-RAS, RAS-only, Hidden refresh s e Foor s
and Self refresh capability W . Mag
* 4096 refresh cycles /256ms (SL-part) fﬂ?::q;:D‘__l_‘ - g
4096 refresh cycles /64ms o & 8 !
1B
PIN DESCRIPTION
[ RAS | Row Address Strobe - j
" TCAS UCAS  Column Address Strobe o ——— S
- WE Write Enable a2 0| 3 J
e Output Enable Mo B | | oo SENSE AMP
AD - AT1 Address Input ooy —— HoGATE
AB O
_bQo-Dats Data Input/Output | A7o=f B sl i
vee | Power (+5V) B s (10 pow | vevoer
Vss | Ground Moo 8 nva DECODER | MY |
B o LI |
T et
RAS CLOCK J | SUBRATE Lo voc
PAS o———~| GENERATOR [ | GENERATOR V8§

This document is a general product description and is subject to change without notice Hyunda: Electronics does not assume any
responsibility for use of circuits described. No patent licences are implied.
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I YUNDAI

HY5116160 Series

ABSOLUTE MAXIMUM RATING

SYMBOL PARAMETER o RATING ___UNIT
TA Ambient Temperature 0 to 70 °C
[ Ts1G Storage Temperature -55 to 150 °C
. WIN,VouT | Voltage on Any Pin Relative to Vss -1.0tc70 | v
| vce Voltage on VcC Relative to Vss -1.0t0 7.0 Vv
| los Short Circuit Output Current 50 mA
PD Power Dissipation : 0.70 L w
| TSOLDER Soldering Temperature * Time | 260+ 10 °C « sec
NOTE:Operation at or above Absolute Maximum Ratings can adversely affect device reliability.
RECOMMENDED DC OPERATING CONDITIONS
(Ta = 0°C to 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
vce Power Supply Voltage 45 5.0 55 \
VIH input High Voltage 24 - Vee+1.0 \
VIL Input Low Voltage -1.0 - 0.8 V

NOTE: All Voltages are referenced to Vss.
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“XYUNDAI

HY5116160 Series

DC CHARACTERISTICS

(TA=0°C to 70°C, Vcc=5V+10%, Vss=0V, unless otherwise noted.)

| symBoL PARAMETER TEST CONDITIONS | SP-CC" | MIN. | MAX. | UNIT | NOTE
| L Input Leakage Current Vss < VIN < VCC+1.0, -10 10 uA
! (Any Input Pins) All other pins not under test = Vss !
[ ILo Output Leakage Current | Vss < Vout < Vce -10 10 [ pA |
l (High Impedance State) | RAS & CAS at ViH
| lcct Vee Supply Current, tRC = tRC (min.) 70 - 100 | mA | 123
' Operating f 80 - 90
; 100 - 80
Icc2 Vee Suppdy Current, RAS & CAS at ViH, - 2 | mA
TTL St other inputs > Vss
lcca Vee Supply Current, tRC = tRC (min.) 70 - 100 | mA 13
RAS-only refresh 80 - 90
100 - | 80
Icca Vece Supply Current, tPc = tPC (min.) 70 - 100 mA 123
Fast Page mode 80 - 90
! | 100 - | 80
lccs Vee Supply Current, BAS & CAS > - 1 mA 5
| CMOS Standby Vee-0.2v Sl-pat - | 04
lces Vee Supply Current, {RC = {RC (min.) 70 - 100 | mA | 1.3
CAS-before- RAS 80 - 90
o refresh 100 . - | 80 |
| lcc? Vee Supgly Current, = 62.5 tRASS - 450 | pA {1,435
T |EERET B el
| (SL-part Only) =\eeH tRASS | - i
; AD-A11 = Vee 0.9V or M 600 ;
0.2V, D=Vce-0.2V, 0.2V + | '
or open, Q= =open |
lccs Vece Supply Current, RAS &CAS <0.2v, e 500 HA 5
Self Refresh other pins same as lcer |
(SL-part only) ! !
VoL Qutput Low Volitage loL=4.2mA - 04 \"
VOoH Qutput High Voltage 10H=-SmA 2.4 - \'2
NOTE :

1.1CC, IcC3, ICcC4, Iccs and ICC? depend on cycle rate.

while

=VIL. In Icca, Address can be changed maximum once while

. fcc1 and Icc4 depend on output loading. Specified values are obtained with the output open.
.Iccis sgeciﬁed as an average current. In lcc1 and lcc3, Address can be changed maximum two times

2
3
4
5.

tRaS(max.) =1ps is only applied to refresh of battery backup but tRas(max ) =10us is applied to normal
functional operationg.

Iccs(maxg =0.4mA, |cc7 and Iccs are applied to SL-part only (HY5116160SLJC, HY5116160SLTC and
HY5116160SLRC).

1AD11-10-MAYS5
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*HYUNDAI HY5116160 Series

AC CHARACTERISTICS

{TA=0°C to 70°C, Vee=5V t 10%, Vss=0V, unless otherwise noted.) NOTE : 1,2, 3

| HY5116160JC/TC/RCISLJCISLTCISLRC
# | SYMBOL PARAMETER =70 80 <100 UNIT | NOTE
MIN | MAX | MIN | MAX | MIN | MAX
1] tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns
2 | tRWC Read-Modify-Write Cycle Time 185 - | 205 - | 245 - ns
3| tpC Fast Page Mode Cycle Time 45 - 50 - 60 - ns
4 | tPRWC Fast Page Mode Read-Modify-Write 100 - 105 - 1125 - ns
Cycle Time
5| tRAC Access Time from RAS - 70 - 80 - 100 ns |4.9.10
6 | tCAC Access Time from CAS - 20 - 20 - 25 ns 49
7| tAA Access Time from Column Address - 35 - 40 - 50 ns 4,10
8 | tCPA Access Time from CAS Precharge - 40 - 45 - 55 ns | 415
9| tcLz TAS to Output Low Impedance 0 - 0 - 0 - ns 4
10| tOFF Output Buffer Turn-off Delay 0 15 0 15 0 15 ns 5
1) T Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 3
12| tRP RAS Precharge Time 50 - 60 - 70 - ns
13| tRAS RAS Pulse Width 70 10K 80 10K 100 10K ns
14| tRASP RAS Pulse Width (Fast Page Mode) 70 | 100K 80 100K | 100 | 100K ns
15| tRSH RAS Hold Time 20 - 20 - 25 - ns
16| tCSH CAS Hold Time 70 - 80 - | 100 - ns
17| tcas TAS Pulse width 20 | 10K 20 | 10K 25 | 10K ns
18| tRCD RAS to CAS Delay 20 50 20 60 25 75 ns 9
19| tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 10
20| tCRP TAS to RAS Precharge Time 5 - 5 - 10 - ns 15
21| tcp CAS Precharge Time 10 - 10 - 10 - ns 17
22| tASR Row Address Set-up Time 0 - 0 - 0 - ns
23| tRAH Row Address Hold time 10 - 10 - 15 - ns
24| tASC Column Address Set-up Time 0 - 0 - 0 - ns 14
25| tCAH Column Address Hold Time 15 - 15 - 20 - ns 14
26| tAR Column Address Hold Time from RAS 55 - 60 - 75 - ns
27| wRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns
28| tRCS Read Command Set-up Time 0 - 0 - 0 - ns 14
29| trRCH Read Command Hold Time 0 - 0 - 0 - ns |[6,14
Referenced to CAS
30| tRRH Read Command Hold Time 0 - 0 - 0 - ns 5
Referenced to RAS
31| tWCH Write Command Hold Time 15 - 15 - 20 - ns 14
32| tWCR Write Command Hold Time from RAS 55 - 60 - 75 - ns
33| WP Write Command Pulse Width 15 - 15 - 20 - ns
34| tRwL Write Command to RAS Lead Time 20 - 20 - 25 - ns
35( tew Wirite Command to CAS Lead Time 20 - 20 - 25 - ns 16
36| tDS Data-In Set-up Time 0 - 0 - 0 - ns 7
37| OH Data-in Hold Time 15 - 15 - 20 - ns 7
38| tDHR Data-in Hold Time Referenced to RAS 55 - 60 - 75 - ns
39| tREF Refresh Period(4096cycle) - 64 - 64 - 64 ms 12
St-part - | 256 - 256 - | 256 11
40| twes Write Command Set-up Time 0 - 0 - 0 - ns 8,14
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*NYUNDAI

AC CHARACTERISTICS

HY5116160 Series

(continued)
HY5118160JC/TC/RC/SLJCISLTC/SLRC
# | SYMBOL PARAMETER <70 -80 -100 UNIT | NOTE
MIN | MAX | MIN | MAX | MIN | MAX

41 [ {CWD TAS to WE Delay Time 50 - 50 - 60 - ns 8
42 | tRWD RAS to WE Delay Time 100 - 110 - 135 - ns 8
43 | tAWD Column Address to WE Delay Time 65 - 70 - 85 - ns 8
44 [tCSR TAS Set-up Time (CBR Cycle) 10 - 10 - 10 - ns 14
45 | ICHR TAS Hoid Time (CBR Cycle) 15 - 15 - 20 - ns 15
46 | tRPC RAS to TAS Precharge Time 10 - 10 - 10 - ns 14
47 tcPT TAS Precharge Time 40 - 40 - 50 . ns 17

(CBR Counter Test)
48 | tROH RAS Hold Time Referenced to OE 20 - 20 - 20 - ns
49 | tOEA OUFE Access Time - 20 - 20 - 25 ns
50 | tOED OF to Data Delay 20 - 20 - 25 - ns
51 | tOEZ Output Buffer Turn Off Delay Time 0 15 0 15 0 15 ns 5
52 | toEH OE Command Hold Time 20 - 20 - 25 - ns
53 | tCPWD WE Delay Time from TAS Precharge 70 - 75 - 20 - ns 8
54 | tRHCP RAS Hold Time from CAS Precharge 45 - 45 - 55 - ns
55 [ tRASS RAS Pulse Width 100 - 100 - 100 - ns

(Seff Refresh Cycle)
56 | tRPS RAS Precharge Time 130 - | 150 - | 180 - ns

(Self Refresh Cycle)
57| tCHS TAS Hold Time -50 - -50 - -50 - ns

(Self Refresh Cycle)

1AD11-10-MAYSS 671



X YUNDAI HY5116160 Series

NOTE:

1. Aninitial pause of 200ps is required after power-up followed by any 8 RAS only or CTAS-before-RAS re-
fresh cycles before proper device operaion is achieved. in case of using internal refresh counter, a mini-
mum of 8 CAS-before-RAS initialization cycles instead of 8 RAS-only refresh cycles are required.

2. 1f RAS=Vss during power-up, HY5116160 could begin an active cycle. This condition results in higher cur-
rent than necessary current which is demanded from the power supply during power-up. It is recom-
mended that RAS and CTAS track with Vcc during power-up or be held at valid ViH in order to minimize the
power-up current.

3. ViH(min.) and Vit(max.) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min.) and ViL(max.), and are assumed to be 5ns for all inputs.

4. Measured at VOH=2.4V and VoL=0.4V with a load equivalent to 2 TTL ioads and 100pF.

5. toFr(max.) and toEz define the time at which the output achieves the open circuit condition and is not refer-
enced to output voltage levels.

6. Either tRCH or tRRH must be satisfied for a read cycle.

7. These parameters are referenced to LCAS or UCAS leading edge in early write cycles and to WE leading
edge in Read-Modify-Write cycles.

8. twcs, tRwD, tCwWD, tAWD and tCPWD are not restrictive operating parameters. They are included in the data
sheet as electrical characteristics only  If twcs2twcs(min ), the cycle is an early write cycle and data out
pin will remain open circuit (high impedance) through the entire cycle. If tRwD2tRwD(min.),
tcwp>tcwp(min. ), tawb2tawD(min. ), and tCPWD2tCPWD(min.), the cycle is a Read-Modify-Write cycle and
data out will contain data read from the selected cell. If neither of the above sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminated.

9. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. tRCD(max.) is specified as a ref-
erence point only if tRCD is greater than the specified tRCD(max.) limit, then access time is controlled by
tcAC.

10.Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. tRAD(max.) is specified as a refer-
ence point only. If tRAD is greater than the specified tRAD(max.) limit, then access time is controlled by tAA.

11.tREF(max.)=256ms is applied to SL-parts only (HY5116160SLJC, HY5116160SLTC and
HY5116160SLRC).

12.A burst of 4096 CAS-before-RAS refresh cycles must be executed within 64ms (256ms for SL-part) after
exiting self refresh.

13 When both LCAS and UCAS go low at the same time, all 16-bits data are written into the device. LCAS
and UCAS must be transited simultaneously within a same read or write cycle.

14.These parameters are determined by the earlier falling edge of LCAS or UCAS.

15.These parameters are determined by the later rising edge of LCAS or UCAS.

16.tcwL must be satisfied by both LCAS and UCAS for 16-bits access cycles.

17 tcp and tcPT are measured when both LCAS and UCAS are high state.
CARACITANCE

{TA=25°C, Vcec=5V110%, Vss=0V, f=1MHz, unless otherwise noted.)

SYMBOL | PARAMETER TYP. MAX. UNIT
CINt ' _Input Capacitance (A0-A11) - 5 pF
CINZ | _input Capacitance (RAS LCAS UCAS WE,OE) - 7 pF
coQ | Data Input/Output Capacitance (DQ0-DQ15) - 7 pF
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*XYUNDAI HY5116160 Series

TIMING DIAGRAM

READ CYCLE

UGAS
LCAS

o . 1ROH(Ag)

. OFF1g |
L WEZSN . ..

VALID DATA OUT >—

Dos-15YO
0007 g

EARLY WRITE CYCLE

—

0506) | Lo DHEn
poe-15 ¥ 4 /ALID DATA N 3 HIGH-
N7 HIGH-Z { VALID DAT } 2z
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“YUNDAI HY5116160 Series

WRITE CYCLE (OE CONTROLLED WRITE)

B . ./

TO0ED(S0-—

|
- ) . ROy — T A ——
oEg W i ‘
I £
nsm_‘ 8y o T g

2011 V:://;,,ZX oW couMN ",v",/'/f/,/ 777 / T /’/ // // 777 /L/L ////.//_/LZ
_‘ L on |
7 -

\ (7777777077777}
,\, Iy / ',,’ // K / // /i / /.’
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*XWYUNDAI HY5116160 Series

FAST PAGE MODE READ CYCLE

/ ',"'l r / ./' 'y, /' ‘ /( / / / Iy’ : ‘

!
]

oFYg | i bl

4 G0 @m‘ e
DQ8-15 VOH - 7 g
DOC-7 vo. - HIGH-2 0/ VN.DDATAW VALID DATA OUT

FAST PAGE MODE EARLY WRITE CYCLE

VALID DATA OUT

PASP(14)

CSH(16) —
P20 | RCON18) CAS(7) | ocepn)
oS V- ;F b
(CAS VL - \ .
WARS L !
1 | |
WSARY)| | RAHES) ;m. [ | nioe4

77 ’7’777»?%@ =
w LN | TN |

| WCREZ)

« T T T

L,,ﬂ :
| DHST) JOSEn| | o4g7) D58, | OHaD

g v\: / // T ,/X VALDDATAN 5(// / / /: VAUDDATAN %// / /')( VAUDDATAN y/ //"/ // / / s /',/;/,’
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*NYUNDAI HY5116160 Series

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

N 1RASP(14) B2

RAS-ONLY REFRESH CYCLE

- 7 /,//, 7777 T T T T
AN % s

NOTE : OE and WE = “H" or “L"
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X YUNDAI HY5116160 Series
CAS-BEFORE-RAS REFRESH CYCLE
O .. L)
PR ; .\ SR ... L IO O . . ./
B wuf_—/—\
- / \
PR | G
. PRl PR - . .- I
SRS VH- i Vi s
[CAS VI-*___/ \ [ - ,'_'//,’, ,// ///’ CEES S //." /
Cime ViRt - 4 / .
WE ; ; Sl
A - :
JOFE(1D)
DQB-15 YOH~ \ HGH-Z

NOTE : A0-11 and DE = "H" or "L"

HIDDEN REFRESH CYCLE (READ)

_easny ey
oG . xmpm

7777 /.
'/,/ /// //,r///

///

« NI N [T
; ,,,,,,,,,, 7 TR Loerp
2O —— 1
g;"ﬁ HGHZ /. VAL DATA OUT } HGH-Z

1AD11-10-MAY95
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*AYUNDAI HY5116160 Series

HIDDEN REFRESH CYCLE (WRITE)

S ;"] e e —— A .
" B " T E— TR R
RAS hY ‘2 \
e T - V. I ' B L ceug . — e - I,
o |
& oa_/ A\N /
.o wes

e L
o WICRY  |IcAHR

Y
AD-11

VL
) ™-
WE

V-

-
'3

.
0Qe-15 VM ]
00Ty -

CAS-BEFORE-RAS SELF REFRESH CYCLE

- P(12) PASSES FPS(58 j
VH»;/L—\L
s ‘
VL-
T e oshee %
m-ﬂ '
CAS
VL-, [

VOH- j i
0Qo-3 HGH-Z
VOL -,

NOTE : AD-11, OE and WE = "H" or "L"
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A YUNDAI HY5116160 Series

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

gh . D7) i
00e-15 M- HOHZ ! VALD DATA N ) HOHZ :
007y - I T shatet N {

] ‘
READ-MODIFY-WRITE CYCLE 1
W T T T
W W y
T |
LCACS)

OEA4D) |
S

ozm -

VH
DQ8-15 YOH -
DAOT o -

b

H0H-Z
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‘X YUNDAI HY5116160 Series

PAKAGE INFORMATION

400 mil 42/42 pin Small Outline J-form Package (JC)

MONOOOOAONOCOO000Onno;; T
UNIT  INCH™m)
L_!uL_JLH_JLJLJL_ILH_H_JLJL_luL_H_‘L_JL_JLJI_Ju,_L“f,,,L
D L04440012778)
- e ————1_%;;—_%» e e e 0.2360(11.0744)
._0.4050(10.2870)
0.032008128 0.3850(10 0330)
- ouzm«mol)L %:ASPLM
0009%0.2488) - B30
000701008 1
0040q 1
- 00500 27esC - omeu(owu) o ommm’) o o'.*»:aoomnig%L
400 mil 42/50 pin Thin Small Qutline Package (TC) (RC)
AARARRARERER RABRHAAAARARAR f:‘T
UNTT - NCHimYm)
FYYUEEENEET HHHHHHHHHHH\,iJ“m1
e e DR t?m e e | T04e20117%)
_0.404(10262)
0.356(10.068)
_00471.200)
_0.00830.210)
0OMTRIZ | ‘,Vj°°°°“°°°’
N T.Jl\ ’L-_}:L
Sthg ! | 00230564 0.0060.152)
Odeg 0.01710.432) 0 002(0.050)
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*NYUNDARAI HY5116160 Series

ORDERING INFORMATION

PART NUMBER | SPEED POWER | PACKAGE |
HY5116160JC | 70/80/100 S0J \
HY5116160SLJC 70/801100 | SL-pat | SOJ
| HY5116160TC . 70/800100 ;] | TSOP-il
HY5116160SLTC 70/80/100 | SL-part | TSOP-Ii
"HY5116160RC | 70/80/100 | TSOP-I(R) '
| HY5116160SLRC | 70/80/100 | SL-pant | TSOP-IR) |
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