DocuSign Envelope ID: D998FB86-7D4B-4763-A280-B465A23067D2

POSITIVO

TECNOLOGIA

AO

MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

PROPOSTA COMERCIAL

OBJETO: Registro de Pregos para fornecimento de equipamentos moveis (notebooks), conforme condigdes,
quantidades e exigéncias estabelecidas no Edital e anexos.

Empresa: Positivo Tecnologia S/A (Filial)

CNPJ: 81.243.735/0019-77

Endereco: Rua Javari, 1255 - Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110

Telefone: (41) 3239-7794 / (41) 3312-3677 / (41) 3239-7928

E-mail: andamento@positivo.com.br / contratosgov@positivo.com.br

A
CENTRAL DE COMPRAS

Em atendimento ao Edital do Pregao a epigrafe, apresentamos a seguinte proposta de pregos:

B MARCA | ORIGEM PRECO PRECO
GRUPO | ITEM DESCRICAO FABRICANTE MODELO DO UN. | QUANT. UNITARIO TOTAL
PRODUTO R$ R$
3 Notebook P(\)Iéllgl\io 6.117 R$ 29.802.024,00
2 cl?n\éenuonal ie TECNOLOGIA VAIO FH15 Nacional UN R$ 4.872,00
4 alto desempenno SIA 8.987 R$ 43.784.664,00
PRECO TOTAL POR EXTENSO: R$ 73.586.688,00 (Setenta e trés milhdes, quinhentos e oitenta e seis mil e seiscentos e oitenta e oito
reais)

Declaramos que os itens constantes desta proposta correspondem exatamente as especificagoes
descritas no Termo de Referéncia do Edital, as quais aderimos formalmente.

PRAZO DE VALIDADE DA PROPOSTA: 60 (sessenta) dias, a contar da data de sua apresentagao.

PRAZO DE GARANTIA DO OBJETO: Os notebooks e baterias possuem garantia técnica da Positivo pelo
periodo de 36 (trinta e seis) meses, com servico de suporte e assisténcia técnica no local (on-site),
manutengao preventiva e corretiva, compreendendo a substituicdo e reposi¢cdo de componentes, periféricos
e pecas, em todas as localidades do pais. O prazo de garantia sera contado a partir da data de emisséo do
documento "Termo de Recebimento Definitivo" dos bens.

O servigo de assisténcia técnica em GARANTIA cobrira todos os procedimentos técnicos destinados ao
reparo de eventuais falhas apresentadas nos equipamentos, de modo a restabelecer seu normal estado de
uso e dentre os quais se incluem a substituicdo de pecgas de hardware, ajustes e reparos técnicos em
conformidade com manuais e normas técnicas especificadas pela Positivo ou a troca técnica (substituicao)
de equipamento avariado por outro novo (sem uso), no mesmo modelo e padrao apresentado na PROPOSTA
ou superior.

O atendimento ocorrera em até 2 (dois) dias Uteis a contar da data de abertura do chamado (por e-mail, ou
portal web) e o prazo para solugdo de problemas sera de até 5 (cinco) dias uteis para capitais e 15 (quinze)
dias Uteis para demais localidades, contados apos a abertura do chamado, incluindo a troca de pecas e/ou
componentes mecanicos ou eletrénicos.

Positivo Tecnologia S.A.

Rua Asia, s/n, Lote 05 Quadra N | Iguape Javari, 1.255, Lote 257B | Distrito Industrial Rua Jodo Bettega, 5200 | CIC
45.658 464 | lIhéus - BA 69075 110 | Manaus - AM CEP 81350 000 | Curitiba - PR
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PRAZO DE ENTREGA DO OBJETO: A Entrega dos equipamentos sera efetivada no prazo maximo de 60
(sessenta) dias corridos para as capitais dos estados e de 75 (setenta e cinco) dias corridos para as
demais localidades, a contar do recebimento da Ordem de Fornecimento de Bens (OFB), emitida pela
Contratante, podendo ser prorrogada, excepcionalmente, por até igual periodo, desde que justificado
previamente pela Positivo e autorizado pela Contratante. Ndo sera computado no prazo de entrega do
equipamento o periodo no qual o Contratante esteja realizando o procedimento de confecgdo da imagem
padrédo, incluindo seu encaminhamento para a Positivo. Para as OFBs com quantidade superior a 200
(duzentos) equipamentos, sera considerado um prazo maximo de 90 (noventa) dias corridos (a contar
da emisséo da OFB) para entrega completa da demanda, devendo ser entregue, a primeira parcela, conforme
regra de prazo prevista no item 4.5.1 do Anexo | — Termo de Referéncia do Edital, contado da emissao da
OFB com quantitativo dessa primeira parcela nao inferior a 30% do total contratado, conforme definido no
Anexo | — Termo de Referéncia do Edital.

Declaramos que:
a) Os equipamentos ofertados, caso necessario, receberdo atendimento de garantia na rede de
assisténcia autorizada pela Positivo Tecnologia;
b) Informaremos os pregos unitarios dos equipamentos, das pegas e dos componentes que integram o
objeto da licitagdo sempre que solicitado pela CONTRATANTE, para fins de registro patrimonial;
c) Serao fornecidas pecgas de reposicao originais durante todo o periodo de garantia, podendo também
ser utilizadas pecgas de tecnologia mais recente, também originais, de desempenho igual ou superior.

TABELA DE CONFORMIDADE TECNICA
Para os ITENS 3 e 4 do Grupo 2, foram preenchidas separadamente a tabela apresentada em anexo.

DADOS PARA ASSINATURA DA ATA DE RP E DO CONTRATO

Nome do signatario: Aldejunio de Oliveira

Cargo: Representante Comercial/Representante Legal

Qualificagao: Brasileiro, casado, empresario, natural de Brasilia/DF, portador do RG n° 1.715.843 SSP/DF,
inscrito no CPF/MF sob o n°® 610.214.401.59, residente e domiciliado na CA 02 Bloco F Apto 117, Lago
Norte, na Cidade de Brasilia, Estado de Distrito Federal.

OBS.: O signatario possui poderes de administragdo estabelecidos em substabelecimento, com poderes
para assinar atas de registro de precos e contratos em nome da empresa.

A documentagdo comprobatéria sera encaminhada quando da assinatura da ata de registro de pregos.

A Positivo declara que cumpre os requisitos do Decreto n. 7.174, de 2010, estando apta a usufruir dos critérios
de preferéncia.

“Nos pregos unitarios e totais apresentados nesta proposta estdo inclusos todos os impostos vigentes até
esta data.”

Em decorréncia da aplicagéo da isencao prevista nos termos dos Convénios ICMS, para os casos em que
couber, conforme dispositivos legais de cada Unidade Federativa, o valor equivalente ao ICMS devido a titulo
de DIFAL isento foi excluido do prego no formato de desconto, mantendo os pregos finais iguais para todos
os estados.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA

Assinado por: MARIA HELENA PEREIRA:02107591946
U cpr 02107591946

Data/Hora da Assinatura: 15 de dezembro de 2023 | 12:17 BRT
ICPo—
Brasil -

83968BDA4C4443B7B48937923A37D4DD

Maria Helena Pereira
Gerente de Propostas e Projetos Instituicdes Publicas/Representante Legal
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MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGAO

POSITIVO TECNOLOGIA S/A (Filial), pessoa juridica de direito privado, estabelecida na Rua Javari, 1255 -
Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.® 81.243.735/0019-77,
declara como fabricante dos equipamentos ofertados para o pregéo em referéncia que:

= Cumpre os requisitos do Decreto n. 7.174, de 2010, estando apta a usufruir dos critérios de
preferéncia.

= Em atendimento as diretrizes da Lei n°® 12.305/2010, que institui a Politica Nacional de Residuos
Sdlidos, se responsabiliza pelo mecanismo de logistica reversa, de coleta, reciclagem e correta
destinacao dos residuos solidos.

= Os equipamentos sao aderentes as diretrizes sociais, ambientais e culturais constantes na Lei n°
12.305, de 2 de agosto de 2010, que Institui a Politica Nacional de Residuos Sélidos, além dos
normativos relativos a sustentabilidade ambiental aplicaveis.

= Priorizard para o fornecimento do objeto, a utilizacdo de bens que sejam no todo ou em parte
compostos por materiais reciclaveis, atdxicos e biodegradaveis, no que couber.

Curitiba, 15 de dezembro de 2023.

DocuSigned by.

HARIA HELENA PEREIRA

Assinado por: MARIA HELENA PEREIRA:02107591946
U cpr 02107591946

Data/Hora da Assinatura: 15 de dezembro de 2023 | 12:17 BRT
ICPo—
Brasil -

83968BDA4C4443B7B48937923A37D4DD

Maria Helena Pereira
Gerente de Propostas e Projetos Instituigcdes Publicas/Representante Legal
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AO

MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGAO

POSITIVO TECNOLOGIA S/A (Filial), pessoa juridica de direito privado, estabelecida na Rua Javari, 1255 -
Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.° 81.243.735/0019-77,
declara como fabricante dos equipamentos ofertados para o pregdo em referéncia que:

o Todos os equipamentos fornecidos sao novos (incluindo todas as pegas e componentes presentes
nos produtos), de primeiro uso (sem sinais de utilizagao anterior), ndo recondicionados e em fase de
comercializagdo normal através dos canais de venda da Positivo no Brasil (ndo sendo produtos end-
of-life).

e Todos os componentes do(s) equipamento(s) e respectivas funcionalidades s&o compativeis entre si,
sem a utilizagdo de adaptadores, frisagens, pinturas, usinagens em geral, furagdes, emprego de
adesivos, fitas adesivas ou quaisquer outros procedimentos nao previstos nas especificacoes
técnicas ou, ainda, com emprego de materiais inadequados ou que visem adaptar forcadamente o
produto ou suas partes que sejam fisicamente ou logicamente incompativeis.

e Todos os componentes internos do(s) equipamento(s) estarao instalados de forma organizada e livres
de pressdes ocasionados por outros componentes ou cabos, que possam causar desconexoes,
instabilidade, ou funcionamento inadequado.

e O numero de série de cada equipamento sera obrigatério e unico, afixado em local visivel, na parte
externa do gabinete e na embalagem que o contém. Esse nimero é identificado pela Positivo, como
valido para o produto entregue e para as condigées do mercado brasileiro no que se refere a garantia
e assisténcia técnica no Brasil.

o Estamos cientes que serao recusados os produtos que possuam componentes ou acessorios com
sinais claros de oxidagéo, danos fisicos, sujeira, riscos ou outro sinal de desgaste, mesmo sendo o
componente ou acessorio considerado como novos pelo fornecedor dos produtos.

e Os produtos, considerando a marca e modelo apresentados na licitagdo, nao estdo e nao estarao fora
de linha comercial, considerando a data de LICITACAO (abertura das propostas). Os produtos seréo
fornecidos completos e prontos para a utilizagdo, com todos os acessoérios, componentes, cabos etc.

o Todas as licengas, referentes aos softwares e drivers solicitados, estao registrados para utilizagdo do
Contratante, em modo definitivo (licengas perpétuas), legalizado, ndo sendo versdes “shareware” ou
“trial”. O modelo do produto ofertado pelo licitante esta em fase de produgéo pelo fabricante (no
Brasil), sem previsdo de encerramento de produgao, até a data de entrega da proposta.

e A Contratante podera optar por avaliar a qualidade de todos os equipamentos fornecidos ou uma
amostra dos equipamentos, atentando para a inclusdo nos autos do processo administrativo de todos
os documentos que evidenciem a realizacdo dos testes de aceitacdo em cada equipamento
selecionado, para posterior rastreabilidade.

e Ciente que somente havera o recebimento definitivo, apés a analise da qualidade dos bens e/ou
servigos, em face da aplicacdo dos critérios de aceitagcdo, resguardando-se ao Contratante o direito
de ndo receber o OBJETO cuja qualidade seja comprovadamente baixa ou em desacordo com as
especificagdes definidas no Termo de Referéncia — situagdo em que poderdo ser aplicadas a
Contratada as penalidades previstas em lei, neste Termo de Referéncia e no contrato. Quando for o
caso, a empresa sera convocada a refazer todos os servigos rejeitados, sem custo adicional.

Positivo Tecnologia S.A.

Rua Asia, s/n, Lote 05 Quadra N | Iguape Javari, 1.255, Lote 257B | Distrito Industrial Rua Jodo Bettega, 5200 | CIC
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e Os componentes internos sdo homologados e testados (individualmente e em conjunto) pelo
fabricante, assim, ndo tendo a adicdo ou subtracdo de qualquer elemento do equipamento pelo
licitante. Os componentes do microcomputador (gabinete, teclado e mouse) sdo do mesmo fabricante.

e Todas as funcionalidades dos produtos sdo alcangadas mediante conexdes integradas aos produtos,
ou seja, nao tendo mecanismos intermediarios, nem hardwares adicionais (externos ou internos),
exceto nos casos claramente permitidos pelo Contratante ou mediante aprovagao escrita.

e Todos os componentes que fazem parte do(s) equipamento(s) atendem as especificagdes técnicas
minimas apresentadas na secao 2 do Termo de Referéncia. Cientes que serdo aceitos componentes
de configuragdo superior a requerida, desde que haja total compatibilidade entre todos os
componentes presentes nos produtos, porém, a avaliagdo de conformidade sera realizada de forma
independente onde ndo serdo aceitas configuragdes superiores para determinado item em detrimento
da oferta de configuragdo inferior para outros itens. A configuragdo sera verificada utilizando a
definicdo nominal do fabricante, independente de desempenho.

e Todos os produtos fornecidos (correspondentes a cada item), bem como seus componentes,
acessorios ou periféricos sdo rigorosamente iguais, tanto em estrutura fisica, formato, capacidade,
caracteristicas construtivas, caracteristicas técnicas, drivers, marca e modelo.

e Os produtos sao acondicionados em embalagens individuais, lacradas, com o menor volume possivel
desenvolvidas para o produto, o qual se utiliza para as embalagens de materiais reciclaveis e de
modo a garantir um transporte seguro em quaisquer condigdes e limitagdes que possam ser
encontradas, além de possibilitar o armazenamento e estocagem de forma segura.

e O fabricante do(s) equipamento(s) conta com servigo de assisténcia técnica em nivel nacional, para
o0 modelo ofertado pela LICITANTE.

e Na hipdtese de a verificagdo a que se refere o subitem anterior ndo ser procedida dentro do prazo
fixado, reputar-se-a como realizada, consumando-se o recebimento definitivo no dia do esgotamento
do prazo.

e O recebimento provisorio ou definitivo do objeto ndo exclui a responsabilidade da contratada pelos
prejuizos resultantes da incorreta execugao do contrato.

e Cientes que serdo aceitos para fins de emissdo de Termo de Recebimento Definitivo:

a) aqueles equipamentos que se encontram em operagéo atendendo a finalidade de comunicagéo
a que se destinam.

b) os equipamentos fornecidos que atendam a configuragdo minima descrita no termo de referéncia
e que estejam em funcionamento de acordo com as condi¢gdes estabelecidas no Termo de
Referéncia.

e Cientes que sera REJEITADO, no todo ou em parte, 0 bem e/ou servigo fornecido em desacordo com
as especificacdes constantes no TERMO DE REFERENCIA e seus ANEXOS. Ainda, conforme o art.
69 da Lei 8.666/1993, a contratada & obrigada a reparar, corrigir, remover, reconstruir ou substituir,
as suas expensas, no total ou em parte, o objeto do contrato em que se verificarem vicios, defeitos
ou incorregdes resultantes da execugéo ou de materiais empregados.

e S6 havera o recebimento definitivo, apds a analise da qualidade dos bens e/ou servigos, em face da
aplicacao dos critérios de aceitacao, resguardando-se ao CONTRATANTE o direito de ndo receber o
OBJETO cuja qualidade seja comprovadamente baixa ou em desacordo com as especificagbes
definidas no Termo de Referéncia — situagcdo em que poderdo ser aplicadas a contratada as
penalidades previstas em lei, no Termo de Referéncia e no CONTRATO. Quando for o caso, a
empresa sera convocada a refazer todos os servigos rejeitados, sem custo adicional.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA
Assinado por: MARIA HELENA PEREIRA:02107591946

CPF: 02107591946
Data/Hora da Assinatura: 15 de dezembro de 2023 | 12:17 BRT
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MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGAO DE GARANTIA

POSITIVO TECNOLOGIA S/A (Filial), pessoa juridica de direito privado, estabelecida na Rua Javari, 1255 -
Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.® 81.243.735/0019-77,
declara como fabricante dos equipamentos ofertados para o pregéo em referéncia que:

e Os notebooks e as baterias possuem garantia técnica da Positivo pelo periodo de 36 (trinta e seis)
meses, com servigco de suporte e assisténcia técnica no local (on-site), manutencdo preventiva e
corretiva, compreendendo a substituicdo e reposicdo de componentes, periféricos e pegas, em todas
as localidades do pais.

e O prazo de garantia serd contado a partir da data de emissdo do documento "TERMO DE
RECEBIMENTO DEFINITIVO" dos bens.

A garantia dos equipamentos sera provida pela Positivo.

O acionamento do servigo de assisténcia técnica em GARANTIA estara disponivel preferencialmente
através de central telefénica DDG (0800 644 6591), por e-mail (positivo.delta@positivo.com.br) ou
diretamente via website (http://positivo.assistonline.com.br), ambos em lingua portuguesa
(Portugués-BR) para operacionalizagdo da abertura de chamados e fornecimento de numero de
protocolo a fim de realizar o acompanhamento e monitoramento das solicitagdes.

e O servico de assisténcia técnica em GARANTIA cobrira todos os procedimentos técnicos destinados
ao reparo de eventuais falhas apresentadas nos equipamentos, de modo a restabelecer seu normal
estado de uso e dentre os quais se incluem a substituicdo de pegas de hardware, ajustes e reparos
técnicos em conformidade com manuais e normas técnicas especificadas pela Positivo ou a troca
técnica (substituicdo) de equipamento avariado por outro novo (sem uso), no mesmo modelo e padrao
apresentado na PROPOSTA ou superior.

e O atendimento ocorrera em até 2 (dois) dias Uteis a contar da data de abertura do chamado (por e-
mail, ou portal web) e o prazo para solugéo de problemas sera de até 5 (cinco) dias Uteis para capitais
e 15 (quinze) dias uteis para demais localidades, contados apds a abertura do chamado, incluindo a
troca de pecgas e/ou componentes mecanicos ou eletronicos.

e Possui site na internet com a disponibilizacdo de manuais, drivers, firmwares e todas as atualizagbes
existentes relativas ao equipamento ofertado, através do link:
(https://www.positivoempresas.com.br/suporte-tecnico/) /
(https://www.positivoempresas.com.br/catalogos/ )

e Durante toda vigéncia do contrato e da garantia, sera mantida base de conhecimento de problemas,
bem como o histérico dos reparos ou substituicdes para os equipamentos fornecidos, através do link:
http://positivo.assistonline.com.br.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA
As: MARIA HELENA PEREIRA:02107591946
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MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGAO

Retorno de Equipamentos: A Positivo Tecnologia oferece servigo de coleta dos equipamentos, ao
final da vida util, através de solicitagao e em condigbes a serem negociadas. Para utilizagdo deste servigo e
orcamento basta o cliente entrar em contato com a Central de Relacionamento Positivo pelo 0800-644-6591.

Prazo de Fornecimento de Pecas de Reposigcao: A Positivo Tecnologia garante a disponibilidade de
pecas, sob orcamento, de equipamentos dentro do periodo de até 5 (cinco) anos apés a fabricagdo do mesmo.
Para obter maiores informacdes sobre a aquisi¢ao de pegas de reposigao para equipamentos fora da garantia,
basta o cliente entrar em contato com a Central de Relacionamento Positivo pelo 0800-644-6591. A pega
disponibilizada tera funcionamento equivalente ou superior ao da peca original. O prazo de fornecimento das
pecas sera conforme disponibilidade.

Servico de Manutencdo Adicional: A Positivo Tecnologia disponibiliza o Servico de Manutencao por
até 36 (trinta e seis) meses adicionais apds o vencimento da garantia contratada, mediante orgamento. Para
a utilizagéo deste servico, o cliente devera formalizar o interesse no ato da compra do equipamento.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA

Assinado por: MARIA HELENA PEREIRA:02107591946
U cpr 02107591946

Data/Hora da Assinatura: 15 de dezembro de 2023 | 12:17 BRT
ICPo—
Brasil -

83968BDA4CA443B7B48937923A37D4DD

Maria Helena Pereira
Gerente de Propostas e Projetos Instituicdes Publicas/Representante Legal

Positivo Tecnologia S.A.

Rua Asia, s/n, Lote 05 Quadra N | Iguape Javari, 1.255, Lote 257B | Distrito Industrial Rua Jodo Bettega, 5200 | CIC
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POSITIVO

TECNOLOGIA

AO

MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGCAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGAO

POSITIVO TECNOLOGIA S/A (Filial), pessoa juridica de direito privado, estabelecida na Rua Javari, 1255 -
Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.° 81.243.735/0019-77,
declara como fabricante dos equipamentos ofertados para o pregdo em referéncia que conhece, aceita e se
submete as clausulas do Edital e seus anexos, bem como, atende plenamente a todos os requisitos do edital,
esclarecimentos adicionais, se for o caso.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA

Assinado por: MARIA HELENA PEREIRA:02107591946
59194¢

Data/H ja Assinatura: 15 de dezembro de 2023 | 12:17 BRT
ICPo—
Brasil -

83968BDA4C4443B7B48937923A37D4DD

Maria Helena Pereira
Gerente de Propostas e Projetos Instituicdes Publicas/Representante Legal

Positivo Tecnologia S.A.

Rua Asia, s/n, Lote 05 Quadra N | Iguape Javari, 1.255, Lote 257B | Distrito Industrial Rua Jodo Bettega, 5200 | CIC
45.658 464 | llhéus - BA 69075 110 | Manaus - AM CEP 81350 000 | Curitiba - PR
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TECNOLOGIA

CONDIGCOES GERAIS

PRAZO DE ENTREGA : A Entrega dos equipamentos sera efetivada no prazo maximo de 60
(sessenta) dias corridos para as capitais dos estados e de 75 (setenta e
cinco) dias corridos para as demais localidades, a contar do recebimento
da Ordem de Fornecimento de Bens (OFB), emitida pela Contratante,
podendo ser prorrogada, excepcionalmente, por até igual periodo, desde que
justificado previamente pela Positivo e autorizado pela Contratante. Nao sera
computado no prazo de entrega do equipamento o periodo no qual o
Contratante esteja realizando o procedimento de confecgdo da imagem
padrao, incluindo seu encaminhamento para a Positivo. Para as OFBs com
quantidade superior a 200 (duzentos) equipamentos, sera considerado
um prazo maximo de 90 (noventa) dias corridos (a contar da emisséo da
OFB) para entrega completa da demanda, devendo ser entregue, a primeira
parcela, conforme regra de prazo prevista no item 4.5.1 do Anexo | — Termo
de Referéncia do Edital, contado da emissdo da OFB com quantitativo dessa
primeira parcela ndo inferior a 30% do total contratado, conforme definido no
Anexo | — Termo de Referéncia do Edital.

VALIDADE DA PROPOSTA : 60 (sessenta) dias, a contar da data de sua apresentacgéo.

VALIDADE DA ATA DE : 12 (doze) meses, contado a partir do primeiro dia Util subsequente a data
REGISTRO DE PRECOS de divulgacédo no PNCP.

CONDIGOES DE PAGAMENTO  : Até 10 (dez) dias uteis, contados da finalizagéo da liquidagdo da despesa,
nos termos da Instrugdo Normativa SEGES/ME n° 77, de 2022.

GARANTIA : Os notebooks e as baterias possuem garantia técnica da Positivo pelo
periodo de 36 (trinta e seis) meses, com servico de suporte e assisténcia
técnica no local (on-site), manutengcdo preventiva e corretiva,
compreendendo a substituicdo e reposicdo de componentes, periféricos e
pecas, em todas as localidades do pais. O prazo de garantia sera contado a
partir da data de emiss&do do documento "Termo de Recebimento Definitivo"
dos bens.

O servico de assisténcia técnica em GARANTIA cobrira todos os
procedimentos técnicos destinados ao reparo de eventuais falhas
apresentadas nos equipamentos, de modo a restabelecer seu normal estado
de uso e dentre os quais se incluem a substituicdo de pegas de hardware,
ajustes e reparos técnicos em conformidade com manuais e normas técnicas
especificadas pela Positivo ou a troca técnica (substituicdo) de equipamento
avariado por outro novo (sem uso), no mesmo modelo e padrédo apresentado
na PROPOSTA ou superior.

O atendimento ocorrera em até 2 (dois) dias Uteis a contar da data de
abertura do chamado (por e-mail, ou portal web) e o prazo para solugéo de
problemas sera de até 5 (cinco) dias Uteis para capitais € 15 (quinze) dias
Uteis para demais localidades, contados apds a abertura do chamado,
incluindo a troca de pegas e/ou componentes mecanicos ou eletrénicos.

Curitiba, 15 de dezembro de 2023.

DocuSigned by:
MARIA HELENA PEREIRA
Assinado por: MARIA HELENA PEREIRA:02107591946

U cpr 02107591946
Data/Hora da Assinatura: 15 de dezembro de 2023 | 12:17 BRT
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POSITIVO

ESPECIFICACOES TECNICAS

TECNOLOGIA
Item : GRUPO 2
Marca : VAIO
Modelo : VAIO FH15
Fabricante : POSITIVO TECNOLOGIA S.A.
Procedéncia : NACIONAL
Quantidade
Quantidade

Os equipamentos serao fornecidos nas especificagdes/configuragdes abaixo:

:ITEM 3 -6.117 (SEIS MIL, CENTO E DEZESSETE) UNIDADES
:ITEM 4 —8.987 (OITO MIL, NOVECENTAS E OITENTA E SETE) UNIDADES

DESCRIGAO DOS REQUISITOS PARA NOTEBOOKS Pagina ITEM 2 OBSERVAGOES
1 |OBSERVAGOES GERAIS TIPO |
O equipamento possui todos os componentes e as Decl 50 Técni A
1.1 |mesmas caracteristicas descritas no edital, sendo eclaragao lecnica Exigido tende ao
. e . ) Grupo 2 - PG.01 solicitado
aceitos componentes e especificagdes superiores;
Nao serdo utilizados configuracbes e ajustes que
impliquem no funcionamento do equipamento fora as
condigdes normais recomendadas pelo fabricante, ou dos .
) x 2 Declaragéo Técnica - Atende ao
1.2 |componentes, tais como, alteragdes de frequéncia de Exigido -
e ; - Grupo 2 - PG.01 solicitado
clock (overclock), caracteristicas de disco ou de memoria,
e drivers ndo recomendados pelo fabricante do
equipamento.
2 PLACA PRINCIPAL TIPO |
21 Possui instrugdes que implementam extensdes de |Intel Core i7-12650H Exigido Atende ao
* irtualizagao de 1/0; - PG.03 9 solicitado
Suporte ao Moédulo de Plataforma Confiavel (TPM), Atende ao
2.2 \versdo 2.0. Forma de implementacio do TPM: integrada. VAIO FH15 - PG.02 Exigido solicitado
3 BIOS TIPO I
31 Tipo flash EPROM, atualizavel por software, compativel | Declaragdo Técnica Exigido Atende ao
" |com o padrao plug-and-play; Grupo 2 - PG.01 9 solicitado
Possui recursos de controle de permissao através de Decl 50 Técni Atend
3.2 [senhas, uma para inicializar o computador eoutra para (e;uar(a)gzag P%CB',fa Exigido stoelircl:itzdag
acesso e alteragdes das configuragdes do BIOS; P '
. " . Declaragao Técnica - Atende ao
3.3 [Suporta Boot por dispositivos USB e por rede; Grupo 2 — PG.01 Exigido solicitado

Rua Asia, s/n, Lote 05 Quadra N | Iguape
45.658 464 | Ilhéus - BA

Javari, 1.255, Lote 257B | Distrito Industrial
69075 110 | Manaus - AM
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POSITIVO

TECNOLOGIA

Permite a insercdo de cddigo de identificacdo do

adaptadores ou acessorios externos neste item;

Grupo 2 - PG.01

34 equipamento na propria BIOS (numero do patriménioou | Declaragdo Técnica Exiaid Atende ao
"" Inumero de série - quanto este ndo vier identificado na Grupo 2 - PG.01 xigido solicitado
prépria BIOS);
BIOS com reprogramagédo via software devidamente o
3.5 |licenciado para os equipamentos disponibilizados via Declaragao Técnica Exigido Atenc_ie ao
o ; . Grupo 2 - PG.01 solicitado
download no sitio do fabricante do equipamento;
4 PROCESSADOR TIPO |
Com arquitetura x86 corporativa (Intel Core i7), com
41 suporte 32 e 64 bits, utilizacdo de sistemas operacionais | Intel Core i7-12650H Exiaid Atende ao
" |de 64 bits e controlador de memdria, com extensdes de -PG.01,02e 03 xigido solicitado
virtualizagao
. . . Intel Core i7-12650H Atende ao
4.2 |Quantidade de nucleos reais _PG.01 8 solicitado
. Intel Core i7-12650H Atende ao
4.3 |Quantidade de Threads _PG.01 16 solicitado
O modelo do processador ofertado é explicitado na )
proposta de fornecimento. O processador esta em linha | Intel Coreé7-1265OH
4.4 |de producdo pelo fabricante e foi lancado a partir de _PN '01, . Exigido Ate_n(_je ao
L de 2022 inclusi N . d Declaracao Técnica solicitado
janeiro  de , inclusive. ao €& processador Grupo 2 — PG.01
descontinuado
4.5 |PBP (Processor Base Power) maximo. Intel Core i7-12650H 45W Ate_n(_je ao
- PG.01 solicitado
5 MEMORIA RAM TIPO |
. : . Catalogo MEMORIA Atende ao
5.1 |Memodria SDRAM Tipo DDR4 frequéncia de MHz _PG.O02e03 DDR4- 3200 solicitado
Catalogo MEMORIA
5.2 [Tem capacidade instalada de: B PNG'OZ, . 32GB Ater\c.je ao
Declaragado Técnica solicitado
Grupo 2 - PG.01
6 INTERFACES DE REDE TIPO |
6.1 Controladora de rede de interface RJ-45 compativel com
" |os padrbes Ethernet, Fast-Ethernet e Gigabit Ethernet VAIO FH15 - PG.02
(10/100/1000), autosense, full-duplex e plug-and-play, o Atende ao
configuravel totalmente por software. N&o serdo utilizados | Declaragao Técnica Exigido solicitado
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POSITIVO

TECNOLOGIA
6.2 |Controladora integrada de rede wireless b/g/n/ac VAIO FH15 - PG.02
Exigido Atende ao
Wifi Intel 9462 — 9 solicitado
PG.02
6.3 |Bluetooth 4.0; VAIO FH15 - PG.02
Exigido Atende ao
Wifi Intel 9462 — 9 solicitado
PG.02
7 INTERFACES DE AUDIO TIPO |
71 Controladora de audio estéreo de 16 bits, full duplex, com| VAIO FH15 — PG.02
" |conectores para mic-in e line-out,sendo conector do tipo . Atende ao
combo (headset); Declaragéo Técnica Exigido solicitado
Grupo 2 - PG.01
A . ~ . A Declaragao Técnica - Atende ao
7.2 |Nao é solugdo USB para interfaces de audio. Grupo 2 — PG.01 Exigido solicitado
8 INTERFACES DE GRAFICOS TIPO|
8.1 [Controladora de video VAIO FH15 - PG.02 |  Dedicada Atende ao
solicitado
8.2 [Suporte a alocagéo e fornecimento de memoria (GDDR®6). | VAIO FH15 — PG.02 4 GB éﬁ%?;;g
Suporta a resolugdo com profundidade de cores de 32 | \AIO FH15 — PG.02
bits de forma independente (imagens diferentes em cada Atende ao
8.3 monitor), com taxa de atualizagéo de 60 Hz e padréo plug- | Declaragéo Técnica 1920x1080 solicitado
and-play; Grupo 2 - PG.01
8.4 Driver de video compativel com WDDM (Windows Display | Declaragdo Técnica Exiqido Atende ao
*" |Driver Model); Grupo 2 - PG.01 9 solicitado
. . . ) Declaragao Técnica - Atende ao
8.5 |Com suporte a API Microsoft DirectX 12; Grupo 2 — PG.01 Exigido solicitado
9 CONEXOES TIPO I
3 (trés) portas USB sendo 1 (uma) USB 3.2 TipoC e 1 o Atende ao
9.1 (uma) porta USB 3.2 Tipo A; VAIO FH15 - PG.02 Exigido solicitado
9.2 HDMI: VAIO FH15 — PG.02 Exigido Atende ao
solicitado
VAIO FH15 - PG.02
9.3 Conexao de audio descrita no item 7; e Exigido Ate_n(_je ao
Declaragao Técnica solicitado
Grupo 2 - PG.01
VAIO FH15 - PG.02
- . . ) . Atende ao
9.4 Conexao de rede descrita no item 6; Wifi Intel 9462 — Exigido solicitado
PG.02
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10 UNIDADES DE ARMAZENAMENTO TIPO |
Unidade de armazenamento de estado solido SSD (Solid|  Catalogo SSD — o Atende ao
10.1 State Drive) interna, com tecnologia TLC. PG.02 Exigido solicitado
Utilizacao de padrdo NVMe com interface PCI express e .
10.2 taxa de 2.000 MB/s para leitura e Catalogo SSD — Exigido Atende ao
A PG.02, 03 e 04 solicitado
1.000 MB/s para escrita.
Atende ao
. . . Catalogo SSD — solicitado
10.3 Capacidade nominal de armazenamento SSD: PG.05 512 GB SM2P32A8-
512GC
11 FONTE DE ALIMENTAGAO E BATERIA TIPO |
A fonte aceita tensdes de 110/220 Volts, chaveada VAIO FH15 - PG.02 Atend
11.1 automaticamente, com capacidade para suportar a . Exigido te_n de ao
. fi ~ itid I3 ol ~ Declaracéao Técnica solicitado
maxima configuracéo permitida pela placa mae. Grupo 2 — PG.01
11.2 A bateria tem capacidade de carga de 40Wh. VAIO FH15 — PG.02 Exigido Atende ao
solicitado
12 DIMENSOES TIPO |
12.1 [Tela com dimens&o VAIO FH15 — PG.02 | 15.6 Polegadas | “\tende ao
solicitado
12.9 Peso maximo mcIu’sps o disco rigido e a bateria principal VAIO FH15 — PG .02 2.8 kg Ate.nc.ie ao
(sem contar acessorios). solicitado
13 SEGURANGA E CONSERVAGAO TIPO I
13.1 |Possui fenda (slot) de seguranga tipo “Kensington”; VAIO FH15 - PG.02 Exigido iﬁiil?t(zl;c?
Sera fornecido cabo com trava de seguranca )
compativel, que ndo conflita, em termos de espago, com | Catalogo da Trava —
0s conectores das interfaces adjacentes. Todos os PG.01e 02 . Atende ao
13.2 = . Exigido o
cabos de ago com trava/lacre serao fornecidos com . solicitado
h isicdo of Declaragao Técnica
o} mesr,no~segredo/c ave, para cada aquisi¢édo efetuada Grupo 2 — PG.01
pelos 6rgaos.
Sera acompanhado de maleta para transporte, que |Catalogo da Maleta —
13.3 comporta o equipamento, acessorios e fonte de PG.01 Exiaid Atende ao
"~ |alimentag&o, e ainda possui revestimento interno macio R xigido solicitado
- : hé . Declaragao Técnica
para protegao contra impacto, arranhoes e poeira. Grupo 2 — PG.01
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14 TECLADO TIPO |
141 Padrao ABI\_IT—2, .corp :todos os caracteres da lingua VAIO FH15 — PG .02 Exigido Atenc_je ao
portuguesa, inclusive “g.”. solicitado
A impressao sobre as teclas € do tipo permanente, ndo | Declaragdo Técnica o Atende ao
14.2 apresentando desgaste por abrasdoou uso prolongado. Grupo 2 - PG.01 Exigido solicitado
VAIO FH15 - PG.02 Atende ao
Teclado é retro-iluminado alfanumérico com 12 teclas de . -
14.3 ~ . Opcional solicitado.
funcao. Declaragao Técnica ltem opcional
Grupo 2 - PG.01 P
Teclado n&o é resistente a derramamento de liquidos em
pequenas quantidades (respingos, ou seja, ndo possui | Declaracdo Técnica Atende ao
14.4 ~ L . : Opcional solicitado.
um grau de prote¢cdo minimo de dois contra ingressos de Grupo 2 - PG.02 ltem opcional
agua nos termos da ABNT NBR IEC 60529:2017).
15 TOUCHPAD TIPO |
Dispositivo apontador do tipo touchpad, multi-touch, com _ I Atende ao
15.1 dois botbes além de funcéo de rolagem; VAIO FH15-PG.02 Exigido solicitado
16 MOUSE EXTERNO TIPO |
Mouse optico com 03 (trés) botdes (incluindo scroll de CATALOGO MOUSE Atend
. ~ ende ao
16.1 [rolagem), com formato ergonémico e conformagéo ~ Exigido L
ambidestra: SM 6620 — PG.01 solicitado
. . CATALOGO MOUSE - Atende ao
16.2 [Tecnologia LED; SM 6620 — PG .01 Exigido solicitado
~ . CATALOGO MOUSE - Atende ao
16.3 |Resolugdo de 800 dpi; SM 6620 — PG.01 Exigido solicitado
CATALOGO MOUSE .. Atende ao
16.4 |Interface USB. SM 6620 — PG.01 Exigido solicitado
17 KIT DE AUDIO E VIDEO TIPO I
Sera fornecido 01 (um) Kit de audio composto por 01 Atend
17.1 |Controladora de som onboard e 02 Alto-falantes e 01 | VAIO FH15 — PG.02 Exiqid te_n_e ao
. . Xigiao solicitado
Microfone por notebook.
VAIO FH15 - PG.02
A controladora de som é onboard, contendo combo de o Atende ao
17.2 | audio unica saida. Declaragéo Técnica Exigido solicitado
Grupo 2 - PG.02
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VAIO FH15 - PG.02
173 Os Alto falantes 'e.stéo integrados ao gabinete do o Exigido Atept_je ao
"~ [notebook com amplificador de sinal. Declaracédo Técnica solicitado
Grupo 2 - PG.02
17.4 |O Microfone esta integrado ao gabinete do notebook VAIO FH15 - PG.02 Exigido ifaelir::(ijt(:u?s
175 geré fornecido 01 (uma) Webcam integrada ao gabinete VAIO FH15 — PG .02 Exigido Atenc_je ao
0 notebook solicitado
17.6 |A Webcam possui resolucéo 0.92 Megapixel (720p) VAIO FH15 — PG.02 Exigido Asg""r;?; 20
18 CERTIFICAGOES E COMPATIBILIDADE TIPO |
Vai acompanhando a proposta, atestado de
conformidade para o equipamento, emitido por um 6rgéao
18.1 credenciado pelo INMETRO , comprovando que o PORTARIA 170 — Exiqido Atende ao
" lequipamento estd em conformidade com as normas PG.01a 09 9 solicitado
IEC60950 (Safety of Information Technology Equipament
Including Eletrical Business Equipament);
Possui atestado de conformidade EPEAT em nivel
18.2 |Bronze; EPEAT-PG.01a04 Exigido égiir::cijt(z;c?
Demonstrado (mediante apresentagdo de catalogos, EPEAT Criteria
especificagbes, manuais, etc) que os equipamentos (RoHS) - PG.01a 02
fornecid?s, pNeriférico?, acessét:ios. e componentes da CATALOGO MOUSE
instalacdo nao contém substancias perigosas como SM 6620 — PG.01
mercurio (Hg), chumbo (Pb), cromo hexavalente (Cr(VI)),
18.3 cadmio (Cd), bifenilpoliboromados (PBBs), éteres | Catalogo da Trava — Exigido Atende ao
"~ difenilpolibromados (PBDEs) em concentragcao acima da PG. 02 solicitado
recomendada pela diretiva da Comunidade Econdmica
Européia Restriction of Certain Hazardous Substances |Catalogo da Maleta —
RoHS (IN n° 1/2010 - Secretaria de Logistica e Tecnologia PG.01
da Informacdo (SLTI) do Ministério do Planejamento, .
Orcamento e Gest&o); Declaracao Técnica
Grupo 2 - PG.02
HCL WINDOWS URL
-PG. 01
HCL WINDOWS —
PG.01 Atende ao
18.4 |A solugdo é compativel com o SO Windows Exigido solicitado
HCL WINDOWS URL
MOUSE - PG.01
HCL WINDOWS
MOUSE - PG.01
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Em atendimento as diretrizes da Lei n® 12.305/2010, que
institui a Politica Nacional de Residuos Sdlidos, o
fabricante do equipamento ofertado se responsabiliza

Declaragao Técnica

Atende ao

18.5 |pelo mecam.smo de logistica reverga. E apresentada carta Grupo 2 — PG.02 Exigido solicitado
do fabricante do equipamento ofertado
responsabilizando-se, pela logistica de coleta, reciclagem
e correta destinacéo dos residuos sélidos.
19 SISTEMA OPERACIONAL TIPO |
Sera fornecida licenga do Sistema Operacional Microsoft
Windows 11, versdo Profissional 64 bits, com build | vAIO FH15 = PG.02
19.1 atualizada a ocasido da entrega, em modalidade OEM, Exiaid Atende ao
" |pré-instalada naimagem oferecida pela CONTRATANTE, | Declaragcédo Técnica xigido solicitado
acompanhada de todos os drivers de dispositivos do | Grupo 2 —PG.02
equipamento fornecido;
20 GARANTIA TIPO |
20.1 O periodo de Garantia Técnica, incluindo a bateria, tera | Declaragdo Técnica Exiqido Atende ao
" |36 (trinta e seis) meses on-site; Grupo 2 - PG.02 9 solicitado
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AO

MINISTERIO DA GESTAO E DA INOVAGAO EM SERVIGOS PUBLICOS
SECRETARIA DE GESTAO E INOVAGAO

CENTRAL DE COMPRAS

COORDENAGAO-GERAL DE LICITAGOES

Ref.. PREGAO ELETRONICO SRP N° 06/2023
PROCESSO ADMINISTRATIVO N° 19973.100101/2023-13

DECLARAGCAO TECNICA

POSITIVO TECNOLOGIA S/A (Filial), pessoa juridica de direito privado, estabelecida na Rua Javari, 1255 -
Lote 257-B - Distrito Industrial | - Manaus/AM - CEP 69.075-110, inscrita sob o CNPJ n.° 81.243.735/0019-77,
declara como fabricante do equipamento Notebook VAIO FH15 ofertado para o Grupo 02 do pregdo em
referéncia que:

e O Notebook VAIO FH15 possui todos os componentes e as mesmas caracteristicas descritas no edital,
sendo aceitos componentes e especificacdes superiores;

e Nao seréo utilizados configuragdes e ajustes que impliquem no funcionamento do equipamento fora as
condi¢gdes normais recomendadas pelo fabricante, ou dos componentes, tais como, alteragcbes de
frequéncia de clock (overclock), caracteristicas de disco ou de memodria, e drivers nao recomendados
pelo fabricante do equipamento;

¢ O BIOS Notebook VAIO FH15:

e E do Tipo flash EPROM, atualizavel por software, compativel com o padrédo plug-and-play;

e Possui recursos de controle de permissao através de senhas, uma para inicializar o computador e
outra para acesso e alteragdes das configuragdes do BIOS;

e  Suporta Boot por dispositivos USB e por rede;

e Permite a insercao de cddigo de identificagdo do equipamento na propria BIOS (numero do
patrimdénio ou numero de série - quando este n&o vier identificado na propria BIOS);

e BIOS com reprogramacéo via software devidamente licenciado para os equipamentos disponibilizados
via download no sitio do fabricante do equipamento (https://www.positivoempresas.com.br/suporte-
tecnico/);

e O modelo do processador ofertado é o Intel Core i7-12650H explicitado na proposta de fornecimento.
O processador esta em linha de produgéo pelo fabricante e langado a partir de janeiro de 2022,
inclusive. Nao é processador descontinuado;

e Serao fornecidos 32GB de memodria RAM através de 2 modulos de 16GB (2x 16GB).

e Possui controladora de rede de interface RJ-45 compativel com os padrdes Ethernet, Fast-Ethernet e
Gigabit Ethernet (10/100/1000), autosense, full-duplex e plug-and-play, configuravel totalmente por
software. Nao serdo utilizados adaptadores ou acessérios externos neste item;

e Controladora de audio estéreo de 16 bits, full duplex, com conectores para mic-in e line-out, sendo
conector do tipo combo (headset). Nao é solugdo USB para interfaces de audio;

e Ainterface de video dedicado € a NVIDIA GTX™ 1650 que suporta a resolugdo de 1920x1080 com
profundidade de cores de 32 bits de forma independente (imagens diferentes em cada monitor), com
taxa de atualizagdo de 60 Hz e padrao plug-and-play. O driver de video é compativel com WDDM
(Windows Display Driver Model). Com suporte & API Microsoft DirectX 12;

¢ A fonte possui capacidade para suportar a maxima configuragdo permitida pela placa mae;

e Sera fornecido cabo com trava de seguranga compativel, que ndo conflita, em termos de espago, com
0s conectores das interfaces adjacentes. Todos os cabos de ago com traval/lacre serdo fornecidos com
0 mesmo segredo/chave, para cada aquisi¢cao efetuada pelos érgaos;

e Sera acompanhado de maleta para transporte, que comporta o equipamento, acessoérios e fonte de
alimentagao, e ainda possui revestimento interno macio para prote¢ao contra impacto, arranhdes e
poeira;

e A impressédo sobre as teclas é do tipo permanente, ndo apresentando desgaste por abrasdo ou uso
prolongado.

e O teclado ofertado néo é retro-iluminado. O teclado é alfanumérico com 12 teclas de fungao;

Positivo Tecnologia S.A.

Rua Asia, s/n, Lote 05 Quadra N | Iguape Javari, 1.255, Lote 257B | Distrito Industrial Rua Jodo Bettega, 5200 | CIC
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e Teclado ndo é resistente a derramamento de liquidos em pequenas quantidades (respingos, ou seja,
nao possui um grau de protecdo minimo de dois contra ingressos de agua nos termos da ABNT NBR
IEC 60529:2017);

e A controladora de som € onboard, contendo combo de audio Unica saida. Os Alto falantes estao
integrados ao gabinete do notebook com amplificador de sinal;

e Os equipamentos fornecidos, periféricos, acessoérios e componentes da instalagdo nao contém
substancias perigosas como mercurio (Hg), chumbo (Pb), cromo hexavalente (Cr(VI)), cadmio (Cd),
bifenilpolibromados (PBBs), éteres difenilpolibromados (PBDEs) em concentragdo acima da
recomendada pela diretiva da Comunidade Econdémica Européia Restriction of Certain Hazardous
Substances RoHS (IN n® 1/2010 - Secretaria de Logistica e Tecnologia da Informagédo (SLTI) do
Ministério do Planejamento, Orgamento e Gestao);

e Em atendimento as diretrizes da Lei n° 12.305/2010, que institui a Politica Nacional de Residuos
Sdlidos, a POSITIVO TECNOLOGIA S.A, fabricante do equipamento ofertado se responsabiliza pelo
mecanismo de logistica reversa, responsabilizando-se pela logistica de coleta, reciclagem e correta
destinagao dos residuos solidos;

e Serafornecida licenca do Sistema Operacional Microsoft Windows 11, versao Profissional 64 bits, com
build atualizada a ocasido da entrega, em modalidade OEM, pré-instalada na imagem oferecida pela
CONTRATANTE, acompanhada de todos os drivers de dispositivos do equipamento fornecido;

e O periodo de Garantia Técnica, incluindo a bateria, tera 36 (trinta e seis) meses on-site;

Curitiba, 14 de dezembro de 2023.
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Ministério do Desenvolvimento Agrario

INSTITUTO NACIONAL DE COLONIZACAO
E REFORMA AGRARIA
SUPERINTENDENCIA REGIONAL
NO ESPIRITO SANTO
COMITE DE DECISAO REGIONAL

RESOLUCAO Nt 2, DE 11 DE MARCO DE 2015

O Comité de Decisdo Regional da Superintendéncia Regio-
nal do Incra no estado do Espirito Santo (CDR/ES), em cumprimento
ao artigo 9° da estrutura regimental aprovada pelo Decreto n° 6.812,
de 03 de abril de 2009, publicado no DOU do mesmo dia, edi¢do
extra, e no art. 132 do Regimento Interno da Autarquia, aprovado
pela Portaria/MDA n° 20, de 08 de abril de 2009, publicada no DOU,
do dia 09 do mesmo més e ano, tendo em vista a decisdo adotada em
sua Quarta Reunido Extraordindria, realizada no dia 02 de marco de
2015 e;

Considerando a Norma de Execugéo n° 33, de 14 de julho de
2003, publicada no DOU do dia 23 do mesmo més e ano.

Considerando a fundamentag@o legal constante nos incisos I,
II e III da Norma de Execucdo supramencionada.

Considerando as andlises técnicas e juridicas constantes no
processo administrativo 54340.001264/2009-03, resolve:

Art. 1° - Aprovar a concessdo de uso de uma drea de
1.023,28 m? (mil e vinte trés virgula vinte e oito metros quadrados)
da drea comunitdria que integra o PA Travessia, criado mediante a
Portaria Incra/SR(20)G/N° 013, de 06 de agosto de 2003, localizado
no municipio de Nova Venécia/ES a Igreja Evangélica Assembleia de
Deus, Ministério de Ecoporanga para constru¢do de um templo.

Art. 2° - Estabelecer que a drea objeto desta concessdo de
uso seja revertida de pleno direito, para posse, dominio e admi-
nistracdo do Instituto Nacional de Colonizagdo e Reforma Agrdria
(Incra), independente de notificagdo ou indenizacdo, se, no todo ou
em parte, lhe for dada aplicagdo adversa da destinacdo estabelecida.

Art. 3° - Esta Resolugdo entra em vigor a partir da data de
sua publicagio.

JOSE CANDIDO REZENDE
Coordenador

RESOLUCAO Nt 3, DE 11 DE MARCO DE 2015

O Comité de Decisdo Regional da Superintendéncia Regio-
nal do Incra no estado do Espirito Santo (CDR/ES), em cumprimento
ao artigo 9° da estrutura regimental aprovada pelo Decreto n° 6.812,
de 03 de abril de 2009, publicado no DOU do mesmo dia, edicido
extra e no art. 132 do Regimento Interno da Autarquia, aprovado pela
Portaria/MDA n° 20, de 08 de abril de 2009, publicada no DOU, do
dia 09 do mesmo més e ano, tendo em vista a decisdo adotada em sua
Quinta Reunido Extraordindria, realizada no dia 10 de marco de 2015
€

Considerando o Decreto n° 99.658, de 30 de outubro de
1990;

Considerando a Norma de Execuc¢do/DA/N° 100, de 29 de
novembro de 2011;

Considerando a andlise técnico/juridica acostada ao processo
administrativo 54340.000297/2014-95, apenso 54340.000657/2011-
14; resolve:

Art. 1° - Aprovar a doagdo de um veiculo de passeio, marca
Chevrolet, modelo Corsa Wagon, Placa MQB6819 para a Prefeitura
de Ecoporanga com a finalidade de atender 521 (quinhentas e vinte e
uma) familias beneficidrias do PNRA, bem como, agricultores fa-
miliares do municipio.

Art. 2° - Esta Resolug@o entra em vigor a partir da data de
sua publicagio.

JOSE CANDIDO REZENDE
Coordenador

SUPERINTENDENCIA REGIONAL EM GOIAS

RETIFICACAO

Na Retificagdo da Portaria publicada no D.O.U N° 199 de
15/10/2004, Se¢do 1, Pag. 74, que alterou a Portaria INCRA/SR-04
N° 83, de 09 de novembro de 1998, que criou o Projeto de As-
sentamento SANTA MARTA, no municipio de MUNDO NOVO/GO,
publicada no D.O. 221 de 18/11/1998, onde se 1&: "...criagdo de 460
(Quatrocentas e sessenta) unidades agricolas familiares..."; leia-se:
"...criacdo de 458 (Quatrocentos e cinquenta e oito) unidades agri-
colas familiares...".

Ministério do Desenvolvimento, Industria
e Comércio Exterior

INSTITUTO NACIONAL DE METROLOGIA,
QUALIDADE E TECNOLOGIA
DIRETORIA DE METROLOGIA LEGAL

PORTARIA N® 35, DE 11 DE MARCO DE 2015

O Diretor de Metrologia Legal do Instituto Nacional de Me-
trologia, Qualidade e Tecnologia - Inmetro, no uso de suas atri-
buicdes, legais e regulamentares que lhe confere a Portaria MDIC n°
558, de 04 de junho de 2007, e tendo em vista o disposto no inciso
I do artigo 15 do Decreto n° 7.938, de 19 de fevereiro de 2013, e no
artigo 19 do Decreto n° 6.275, de 28 de novembro de 2007, que
aprovam a Estrutura Regimental do Inmetro, considerando as in-
formacoes e documentos constantes do processo Inmetro n°
52600.033344/2014, resolve:

Atualizar a capacidade anual declarada de instrumentos, a
%ue se refere a Portaria Inmetro/Dimel n.° 199, de 25 de outubro de

012, que autoriza a empresa Dowertech da Amazénia Inddstria de
Instrumentos Eletronicos Ltda., sob o cédigo nimero AAM?28, de
acordo com as condi¢des especificadas na integra da Portaria.

A integra da Portaria encontra-se disponivel no sitio do In-
metro: http://www.inmetro.gov.br/legislacao/pea

LUIZ CARLOS GOMES DOS SANTOS
PORTARIA N°® 36, DE 11 DE MARCO DE 2015

O Diretor de Metrologia Legal do Instituto Nacional de Me-
trologia, Qualidade e Tecnologia - Inmetro, no uso de suas atri-
buicdes, legais e regulamentares que lhe confere a Portaria MDIC n°
558, de 04 de junho de 2007, e tendo em vista o disposto no inciso
I do artigo 15 do Decreto n° 7.938, de 19 de fevereiro de 2013, e no
artigo 19 do Decreto n° 6.275, de 28 de novembro de 2007, que
aprovam a Estrutura Regimental do Inmetro, considerando as in-
formagdes e documentos constantes do processo Inmetro n°
52600.042630/2014, resolve:

Modificar, por extensdo, o escopo a que se refere a Portaria
Inmetro/Dimel n.° 007, de 16 de janeiro, de 2006, que autoriza a
empresa Itron Solucdes para Energia e Agua Ltda., sob o cédigo
nimero ASPO1, de acordo com as condi¢cdes especificadas na integra
da Portaria.

A integra da Portaria encontra-se disponivel no sitio do In-
metro: http://www.inmetro.gov.br/legislacao/pea

LUIZ CARLOS GOMES DOS SANTOS

SUPERINTENDENCIA DA ZONA FRANCA DE MANAUS
PORTARIA N° 102, DE 6 DE MARCO DE 2015

O SUPERINTENDENTE DA SUPERINTENDENCIA DA ZONA FRANCA DE MANAUS,
em exercicio, no uso de suas atribui¢des legais e considerando o que lhe autoriza a Resolugdo n° 203,
de 10 de dezembro de 2012, do Conselho de Administracio da SUFRAMA, em seu Artigo 12, inciso III,
e os termos da Parecer Técnico do Projeto n°® 002/2015 - SPR/CGPRI/COAPI, da Superintendéncia
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1° APROVAR, com fundamento nos Artigos. 7° e 9° do Decreto-Lei n° 288, de 28 de
fevereiro de_1967, o projeto industrial de AMPLIACAO/ATUALIZACAO da empresa TRIUMPH -
FABRICACAO DE MOTOCICLETAS DE MANAUS LTDA. (CNPJ n° 14.808.074/0001-63) e mscrlgao
SUFRAMA n° 20.1438.01-1), na Zona Franca de Manaus, na forma do Parecer Técnico de Projeto n°
002/2015 - SPR/CGPRI/COAPI, para produgdo de TANQUE RESERVA DO RADIADOR PARA CI-
CLOMOTORES, MOTONETAS, MOTOCICLETAS, TRICICLOS E QUADRICICLOS (cédigo SU-
FRAMA n° 1607) e o gozo do incentivo previsto no artigo 9° do referido Decreto-Lei.

Art. 2° FIXAR os limites de importagdo de insumos para fabricagdo do produto a que se refere
o Art. 1° da presente Portaria, em:

Discriminagio Valor em US$ 1.00
1° ANO |2° ANO 3° ANO
TANQUE RESERVA DO RADIA-|109,150 137,529 165,908

DOR PARA CICLOMOTORES, MOTONE-
TAS, MOTOCICLETAS, TRICICLOS E
QUADRICICLOS

Art. 3° DETERMINAR que a comercializagdo do produto se dé exclusivamente na Zona Franca
de Manaus:

Art. 4° DETERMINAR sob pena de suspensdo ou cancelamento dos incentivos concedidos, sem
prejuizo da aplicacéio de outras cominacgdes legais cabiveis:

I - o cumprimento, quando da fabricagdo do produto a que se refere o Art. 1° da presente
Portaria, do Processo Produtivo Basico definido na Portaria Interministerial n® 182-MDIC/MCT, de 19
de julho de 2004;

II - o atendimento das exigéncias da Politica Nacional do Meio Ambiente, conforme disciplina
a Legislacdo no ambito Federal, Estadual e Municipal;

III - a manutencdo de cadastro atualizado na SUFRAMA, de acordo com as normas em vigor;
e

IV - o cumprimento das exigéncias contidas na Resolucdo n° 203 - CAS, de 10 de dezembro de
2012, bem como as demais Resolucdes, Portarias ¢ Normas Técnicas em vigor.

Art. 5° Esta Portaria entra em vigor na data de sua publicagdo.

GUSTAVO ADOLFO IGREJAS FILGUEIRAS
PORTARIA N° 103, DE 6 DE MARCO DE 2015

O SUPERINTENDENTE DA SUPERINTENDENCIA DA ZONA FRANCA DE MANAUS,
em exercicio, no uso de suas atribui¢des legais e considerando o que lhe autoriza a Resolugdo n°® 203,
de 10 de dezembro de 2012, do Conselho de Administracdo da SUFRAMA, em seu Artigo 12, inciso II,
e os termos da Parecer Técnico do Projeto n® 006/2015 - SPR/CGPRI/COAPI, da Superintendéncia
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1° APRQVAR o projeto industrial d¢ AMPLIACAO da empresa POSITIVO INFOR-
MATICA DA AMAZONIA LTDA (CNPJ: 08.239.748/0001-53 e Inscrlgao SUFRAMA: 20.1251.01-9),
na Zona Franca de Manaus, na forma do Parecer Técnico de Projeto n° 006/2015 - SPR/CGPRI/COAPI,
para produ¢do de MICROCOMPUTADOR PORTATIL ( Cédigo SUFRAMA n° 0307 ), para o gozo do
incentivo previsto no pardgrafo 2° do artigo 2° da Lei n° 8.387, de 30 de dezembro de 1991, e legislagcdo
posterior.

Art. 2° DEFINIR que a reducdo da aliquota do Imposto de Importacdo (II) relativo as matérias-
primas, materiais secunddrios e de embalagem, componentes e outros insumos de origem estrangeira,
utilizados na fabricacdo do produto constante do Art. 1° desta Portaria, serd obtida mediante a aplicagdo
da férmula do pardgrafo 1° do Art. 7° do Decreto-Lei N° 288, de 28 de fevereiro de 1967, com redagdo
dada pela Lei N° 8.387, de 30 de dezembro de 1991.

Art. 3° ESTABELECER para o produto constante do Art. 1° desta Portaria, sem quaisquer
adicionais as quotas ja aprovadas, os seguintes limites anuais de importacdo de insumos:

Produto Ano 1 Ano 2 Ano 3
MICROCOMPUTADOR 59,407,314 65,348,045 71,882,849
PORTATIL

Art. 4° DETERMINAR sob pena de suspensdo ou cancelamento dos incentivos concedidos, sem
prejuizo da aplicacdo de outras cominagdes legais cabiveis:

I - o cumprimento, quando da fabricacdo do produto constante do Art. 1° desta Portaria, do
Processo Produtivo Basico definido pelas Portarias Interministeriais MDIC/MCTI n° 185, de 7 de julho
de 2014 e n° 327, de 31 de dezembro de 2014;

II - o investimento em atividades de Pesquisa e Desenvolvimento (P&D) , no percentual
minimo exigido pela legislacido vigente sobre o faturamento bruto no mercado interno, decorrente da
comercializagdo do produto constante do Art. 1° desta Portaria, deduzidos os tributos correspondentes a
tais comercializagoes;

IIT - o atendimento das exigéncias da Politica Nacional do Meio ambiente, conforme disciplina
a Legislacdo no ambito Federal, Estadual e Municipal;

IV - a manutenc@o de cadastro atualizado na SUFRAMA, de acordo com as normas em vigor;
©

V - o cumprimento das exigéncias contidas na Resolugdo n° 203, de 10 de dezembro de 2012,
bem como as demais Resolucdes, Portarias € Normas Técnicas em vigor.

Art. 5° Esta Portaria entra em vigor na data de sua publicagio.

GUSTAVO ADOLFO IGREJAS FILGUEIRAS
PORTARIA N° 104, DE 6 DE MARCO DE 2015

O SUPERINTENDENTE DA SUPERINTENDENCIA DA ZONA FRANCA DE MANAUS,
em exercicio, no uso de suas atribui¢des legais e considerando o que lhe autoriza a Resolugdo n° 203,
10 de dezembro de 2012, do Conselho de Administragdo da SUFRAMA, em seu Art. 12, Inciso III, e
os termos do Parecer Técnico de Projeto n.° 150/2014 - SPR/CGPRI/COAPI, da Superintendéncia
Adjunta de Projetos da SUFRAMA, resolve:

Art. 1° APROVAR o projeto industrial de DIVERSIFICACAO da empresa FLEXCABLES DA
AMAZONIA INDUSTRIA E COMERCIO DE CABOS E FIOS LTDA.,
CNPJ: 04.497.844/0001-40, Inscricio SUFRAMA: 20.1370.01-8, na Zona Franca de Manaus, na forma
do Parecer Técnico de Projeto n.° 150/2014 - SPR/CGPRI/COAPI, para produgio de FIOS E CABOS
PARA TENSAO NAO SUPERIOR A 300 V - céd. Suframa 1351 e CABO DE FORCA COM PECAS

Este documento pode ser verificado no endereco eletronico http://www.in.gov.br/autenticidade html,
pelo cédigo 00012015031200057

Documento assinado digitalmente conforme MP n® 2.200-2 de 24/08/2001, que institui a
Infraestrutura de Chaves Publicas Brasileira - ICP-Brasil.



PERFORMANCE,
COM REQUINTE DE DETALHES

Explore todo o potencial criativo e produtivo do novo VAIO® FH15. Vocé tera a performance necessaria para
superar qualquer desafio. A experiéncia visual sera incrivel, gragas a tela de 144Hz* que proporciona
imagens nitidas e fluidas. O VAIO® FH15 conta com a impressionante placa grafica NVIDIA® RTX™* ou

GTX™, que impulsiona suas criagoes visuais para uma dimensao jamais vista. Cada pixel ganha vida em
uma tela deslumbrante, e cada detalhe é iluminado pelo teclado multicolorido que proporciona uma
experiéncia de digitagdo personalizada e envolvente. A conectividade também é primordial, com o Wi-Fi 5
ou 6* ultra-rapido, vocé desfrutara de transferéncias de dados em alta velocidade, videoconferéncias sem
atrasos e jogos online sem interrupgoes.

Desfrute de uma qualidade de dudio excepcional, com o som certificado SoundBlaster Studio, garantindo
que cada som seja reproduzido com clareza e imersao. Libere sua imaginagao,

mergulhe em uma jornada de conquistas e desfrute de cada suspiro de satisfagao ao alcangar resultados
extraordindrios. O novo VAIO® FH15 esta pronto para acompanhar

vocé em cada passo da sua trajetdria, oferecendo o equilibrio perfeito

PROCESSADORES
ROBUSTOS

Desperte sua criatividade com os
processadores Core i de 13% e 12% geragao,
oferecendo o melhor em termos de
performance. Liberte-se das preocupacoes
e desfrute de um desempenho inigualavel
no novo VAIO® FH15. Ideal para criadores
de conteldo, programadores e muito mais.
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MAXIMA PERFORMANCE
MAXIMO RESFRIAMENTO

Resfriamento Thermal Cooling para um
desempenho maximo e controle de
temperatura ideal. Uma maquina poderosa
precisa de um resfriamento poderoso. Com
o VAIO® FH15 vocé tem esse poder.

NEE0COEE
[:JE]CJ D[]EE

DESIGN SOBRIO
E MODERNO

Design singular e imponente que cativa em
qualquer ambiente. Um notebook que
combina robustez e elegancia para
acompanhar seus projetos profissionais
com estilo. Chame a atencao com seu
design exclusivo em cor Chumbo

TR D@[j
o) G

I PowERED BY W o
GEFDRCE’
GTX

>

NVIDIA,

SoundBLASTER

.= Windows 11 STUDIO

GEFORCE

RTX

entre design, desempenho e inovagao.

MAIS TEMPO PRODUZINDO
MENOS TEMPO ESPERANDO

Eleve suas atividades graficas a outro patamar
com a NVIDIA® RTX™ 3050/GTX™ 1650/RTX™
2050 *. Desfrute da perfeigao grafica do Ray
Tracing, 4GB de VRAM GDDR6 e poténcia
extraordindria*. Acelere sua performance com
deep learning, melhore transmissoes ao vivo e
leve seus projetos criativos a um novo nivel.

PRECISAO NOS
DETALHES

Tela Full HD impressionante, com frequéncia
de 144Hz* para uma experiéncia visual
suave e vivida. A tecnologia WVA oferece
uma qualidade de imagem excepcional, com
detalhes precisos e realismo imersivo.

EXPLORE
TUDO

Projetado para oferecer um desempenho
excepcional e sem limites, garantindo uma
experiéncia fluida e sem gargalos ao executar
os softwares mais exigentes do mercado.
Prepare-se para enfrentar qualquer desafio
com poténcia extraordindria ao seu lado.

*dependendo da configuragao adquirida.

CORE cone Homir



VAIO FH15

INFORMACOES TECNICAS / COMERCIAIS

Marca VAIO
Modelo VAIOFH15
Ano do Lancamento 2023
PROCESSADOR .
Fabricante do Processador Intel®
Linha do Processader 12°/137 Geracao de processadores Intel® Core™ i5 e i7 Serie H
Soquete da CPU FCBGA1744
Cache Até 24MB
Quantidade de Niicleos Até 14
Quantidade de Threads Até 20
; Velocidade Até 5.00GHz
PLACA DE VIDEO
Modelo NVIDIA® GTX™ 1650 4GB GDDRé6 / NVIDIA® RTX™ 3050 4GB GDDR6/ NVIDIA® RTX™ 2050 4GB GDDR6
Tipo / Interface de Placa de Video Dedicada ( Suporte DirectX 12 e WDDM)
Saida HDMI / Mini DisplayPort
PLACA MAE
Modelo VJFH51-ADL (Intel 12° Geragao) / VJFH52-RPL (Intel 13® Geragao)
Chipset SoC )
Audio Audio de alta defini¢ao (HD Audio), certificacdo SoundBlaster Studio, Microfone e alto-falantes estéreo embutidos

MEMORIA
Meméria RAM Até 64 GB DDR4
Tipo da Meméria RAM Modulo
Velocidade / Clock da Memoria RAM 3200 MHz
Slot de Memdria 2x slots DDR4
ARMAZENAMENTO
Armazenamento SSD Até 2TBM.2
Slots de Armazenamento 2x M.2 (1x suporta PCle Gen4 x4, 1x suporta PCle Gen3 x4)
TELA
Tipo de Tela LED FullHD
Tamanho da Tela 156
Formate da Tela Widescreen
Resolucdo de Tela 1920x1080
Aspecto de Tela 169
Tecnologia do Painel WVA
Frequéncia / Taxa de Atualizacdo 144Hz ou 60Hz"
Informacées adicionais de Tela Antireflexiva
SISTEMAE CONECTIVIDADE

Windows® 11 Pro (64 bits) | Windows® 11 Home (64 bits) | Windows® 11 Pro Educacional | Windows 11 Pro com downgrade para Windows 10 (64 bits)

Sistema Operacional [op¢des) Distribuigdes Linux | Outras opg¢des sob consulta

Bluetooth 5.2 0u5.1°
Conex3o de Rede Ethernet (RJ45) 1x 10/100/1000 Mbps
Conexao Wireless Wi-fi (Sem Fio) (com fie) |EEE 802.11 a/b/g/n/ac ou IEEE 802.11 a/b/g/n/ac/ax
CONEXOES
Conexao HDMI 2.0b 1
Conex3o Mini DisplayPort 1.4a |
Conexdo USB 2.0 (Tipo A) 1
Conexdo USB 3.2 Gen 1 [TipoA) !
Conexdo USB 3.2 Gen 2 (Tipo C) 2
Conexdo / Saida de Audio 1x 3.5mm combo (microfone/audio)
Conexdo de Microfone !
Conexdo DC (Energia)
RECURSO0S
‘Webcam Céamera Frontal 1.0 MP HD, 720p
Leitor de Cartdes Micro SD Card
Teclado Portugués-Brasil, ABNT2, 105 teclas, retroiluminado multicolorido personalizavel (Opcional)
Mouse / Touchpad Tipo Touchpad com controle preciso do cursor, com toque multiplo e funcao de rolagem, 2 botdes integrados
Angulo de aberturadatela 135°

BATERIA / CARREGADOR
Tipo de Bateria 4 células, Li- Polimero 54Wh - integrada
Duracdo da Bateria [h) Até 7 horas®
Poténcia da Fonte [w) 120W (NVIDIA® GTX™ 1650 e NVIDIA® RTX™ 2050 ) / 150W (NVIDIA® RTX™ 3050)
Tensdo 100~240V automatico
Tipo de Tomada 10A
Fonte 20V - 6A (NVIDIA® GTX™ 1650 e NVIDIA® RTX™ 2050 ) (50~60Hz) / 20V - 7.5A (NVIDIA® RTX™ 3050,

DIMENSOES DO PRODUTO
Largura do Produto (em) 359 cm
Altura do Produte (cm) 2.27 cm
Profundidade do Produto (cm) 23.8 cm
- Peso Liquido do Produte (Kg) 1.99 Kg
DIMENSOES DA EMBALAGEM
Largura da Embalagem (cm) 483 cm
Altura da Embalagem (em) 5.6 cm
Profundidade da Embalagem (em) 27.8 cm
Peso Liquido da Embalagem (kg) 0.3 Kg
Peso Bruto do Produto com Embalagem (kg) 2,88 Kg
Outras Informacdes
cor Cinza Chumbo
Contetido da Embalagem Notebook, Adaptador CA com cabo padrao Inmetro (carregador)
Seguranca Abertura para Trava Kensington® Lock | Solugdo TPM 2.0 Integrado

0Os termos HDMI e HDMI High-Definition Multimedia Interface, e o logotipo HDMI s3o marcas ou marcas registradas da HDMI Licensing Administrator, Inc. nos Estados Unidos e em outros paises.

J

*dependendo da configuragao adquirida.



VAIO FH15

Os termos HDMI e HDMI High-Definition Multimedia Interface, e o logotipo HDMI sdo marcas ou marcas registradas da HDMI Licensing Administrator, Inc. nos Estados Unidos e em outros paises.

VAIO e VAIO” sdo marcas registradas da VAIO Corporation Os computadores VAIO, fabricados no Brasil pela Positivo Tecnologia S A seguindo todos padrées de qualidade da VAIO Japao, possuem garantia balcdo de um
ano para pegas e mao de obra, sendo nove meses de garantia contratual e 90 dias de garantia legal. Imagens meramente ilustrativas.
*Dependendo do SKU

"Medidos pela ferramenta da Microsoft ADK.
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Intel Core i712650H Processor 24M Cache up to 4.70 GHz Especificagdes do produto

Processador Intel® Core™ i7-12650H

Cache de 24 M, até 4,70 GHz

Especificacdes

Especificagdes de exportacao

Essenciais

kolegéo de produtos

k:odinome

ISegmento vertical

r\lumero do processador

Litografia

Pre;o recomendado para o cliente

Especificacdes da CPU

Ndmero de nicleos

NQ de Performance-cores

NQ de Efficient-cores

[N de threads

Frequéncia turbo max

Frequéncia da Tecnologia Intel® Turbo Boost Max 3.0
IF

Frequéncia turbo méx. do Performance-core

Frequéncia turbo méx. do Efficient-core

kache

Poténcia basica do processador

[Energia turbo maxima

poténcia minima garantida

Informagbes complementares

Btatus

bata de introdugado

ppgf)es integradas disponiveis

Ficha técnica

Processadores Intel® Core™ i7 da 122 Geragdo

Produtos com denominacao anterior Alder Lake

Mobile
i7-12650H
Intel 7

$502.00

10

16

4.70 GHz

4.70 GHz

4.70 GHz

3.50 GHz

24 MB Intel® Smart Cache
45 W

115w

35w

Launched
Q1'22
Nao

Ver agora

https://ark.intel.com/content/www/br/pt/ark/products/226066/intel-core-i712650h-processor-24m-cache-up-to-4-70-ghz.html

®
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Intel Core i712650H Processor 24M Cache up to 4.70 GHz Especificagdes do produto

Especificagdes de memdria

ITamanho maximo de memodria (de acordo com o tipo
Ide memoria)

[Tipos de memdria

NQ maximo de canais de memdria

kompatibilidade com memdria ECC *

Gréficos de processador

[Graficos do processador *

Méxima frequéncia dindmica da placa grafica

Kaida grafica

{Unidades de Execuciio

Pesolugéo maxima (HDMI)}

Pesolugéo maxima (DP)}

Pesolugéo maxima (eDP - tela plana integrada)t

[Suporte para DirectX*

[Suporte para OpenGL*

[Suporte a OpenCL*

Necanismos de Codec Multiformatos

intel® Quick Sync Video

F\IQ de monitores aceitos ¥

iD do dispositivo

) J J UJ

Opcdes de expansao

'ntel‘” Thunderbolt™ 4

Peviséo do microprocessador PCle

Revisao do Chipset/PCH PCle

i\l‘—’ maximo de linhas PCI Express

Especificacdes de encapsulamento

[Soquetes suportados

konfiguragéo maxima da CPU

ITJUNCTION

h’amanho do pacote

Tecnologias avangadas

[Acelerador Gaussiano e Neural da Intel®

intel@ Thread Director

[Tecnologia Intel® Smart Sound

64 GB

Up to DDR5 4800 MT/s

Up to DDR4 3200 MT/s

Up to LPDDR5 5200 MT/s
Up to LPDDR4x 4267 MT/s

2

N3o

Graficos Intel® UHD para processadores Intel® da 122
Geragao

1.40 GHz

eDP 1.4b, DP 1.43, HDMI 2.1
64

4096 x 2304 @ 60Hz

7680 x 4320 @ 60Hz

4096 x 2304 @ 120Hz

12.1

4.6

3.0

Sim

0x46A3

Sim

Gen 4

Gen 3

28

FCBGA1744

100°C

50x25

3.0
Sim

Sim

https://ark.intel.com/content/www/br/pt/ark/products/226066/intel-core-i7 12650h-processor-24m-cache-up-to-4-70-ghz.html
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Intel Core i712650H Processor 24M Cache up to 4.70 GHz Especificagdes do produto

bntel‘” Wake on Voice

P&udio de alta definicao Intel®

MIPI SoundWire*

'ntel“” Deep Learning Boost (Intel® DL Boost)

[fecnologia Intel® Adaptix™

[Tecnologia Intel® Speed Shift

['I'ecnologia Intel® Turbo Boost Max 3.0 #

I'I'ecnologia Hyper-Threading Intel® ¥

konjunto de instrugdes

Fxtensées do conjunto de instrugdes

I'I'ecnologias de monitoramento térmico

[Acesso de Memdria Flexivel Intel®

ntel® Volume Management Device (VMD - Dispositivo
de Gerenciamento de Volume)

Seguranca e confiabilidade

intel® Threat Detection Technology (TDT)

[Aceleragéo de software Intel® QuickAssist

intel® Control-Flow Enforcement Technology

F\Iovas instrugdes Intel® AES

k:have Segura

fntel® OS Guard

Fit de desativagdo de execugdo ¥

|ntel® Boot Guard

Controle de Execugao baseado em Modo (MBE —
Mode-based Execute Control)

['I'ecnologia de virtualizagdo Intel® (VT-x) ¥

[Tecnologia de virtualizagdo Intel® para E/S dirigida
VT-d)

ntel® VT-x com Tabelas de paginas estendidas (EPT)

IF

Pedidos e conformidade
Drivers e software

Suporte

Sim

Sim

1.2

Sim

Sim

Sim

Sim

Sim

64-bit

Intel® SSE4.1, Intel® SSE4.2, Intel® AVX2

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Sim

Todas as informagdes fornecidas estdo sujeitas a alteragdes a qualquer momento, sem aviso prévio. A Intel pode alterar o ciclo de
vida da fabricagdo, as especificagdes e as descrigbes dos produtos a qualquer momento, sem aviso prévio. As informagdes aqui
contidas sdo fornecidas "no estado em que se encontram" e a Intel ndo atribui qualquer declaragio ou garantias relacionadas a
precisdo das informagdes, nem sobre os recursos dos produtos, disponibilidade, funcionalidade ou compatibilidade dos produtos
listados. Para obter mais informagdes sobre os produtos ou sistemas, entre em contato com o fornecedor do sistema.

As classificagbes da Intel sdo apenas para fins gerais, educacionais e de planejamento e consistem nos niimeros ECCN (NUmero de

Classificagdo de Controle de Exportagdes) e HTS (Programa de Tarifas Harmonizadas). Quaisquer usos das classificagdes da Intel sdo
sem os recursos da Intel e ndo devem ser interpretados como uma representagao ou garantia relacionada ao ECCN ou HTS
apropriado. Como exportadora efou importadora, sua empresa é responsavel por determinar a classificagdo correta de sua transagdo.

Consulte a Ficha técnica para obter definigdes formais de propriedades e recursos de produtos.

https://ark.intel.com/content/www/br/pt/ark/products/226066/intel-core-i7 12650h-processor-24m-cache-up-to-4-70-ghz.html
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Intel Core i712650H Processor 24M Cache up to 4.70 GHz Especificagdes do produto

} Este recurso pode n3o estar disponivel em todos os sistemas de computagao. Verifique com o fornecedor do sistema para
determinar se seu sistema oferece este recurso ou consulte as especificagdes de seu sistema (motherboard, processador, chipset,
alimentagéo, HDD, controle gréfico, meméria, BIOS, drivers, monitor de maquina virtual [VMM], software de plataforma e/ou sistema
operacional) para saber sobre a compatibilidade do recurso. A funcionalidade, o desempenho e outros beneficios deste recurso
podem variar, dependendo das configuragdes do sistema.

SKUs "anunciados" ainda ndo estdo disponiveis. Favor consultar a data de langamento para a disponibilidade no mercado.

Consulte https://www.intel.com.br/content/www/br/pt/architecture-and-technology/hyper-threading/hyper-threading-
technology.html?wapkw=hyper+threading

para obter mais informagdes, incluindo detalhes sobre quais
processadores sdo compativeis com a Tecnologia Hyper-Threading Intel®.

Os numeros dos processadores Intel ndo sédo indicagdo de desempenho. Os niimeros dos processadores diferenciam recursos dentro
de cada familia de processador, e ndo entre familias diferentes de processadores. Consulte
https://www.intel.com.br/content/www/br/pt/processors/processor-numbers.html

para obter mais detalhes.

Alguns produtos suportam as novas instrugdes AES com uma atualizagdo da Configuragdo do processador, em particular, i7-
2630QM/i7-2635QM, i7-2670QM/i7-2675QM, i5-2430M/i5-2435M, i5-2410M/i5-2415M. Favor entrar em contato com o OEM para
o BIOS que inclui a mais recente atualizagdo da Configuragao do processador.

Informagdes sobre a empresa
Nosso compromisso
Diversidade e inclusao
Relagbes com investidores
Fale conosco

Sala de imprensa

Mapa do site

Empregos

f ' in

© Intel Corporation
Termos de uso
*Marcas comerciais
Cookies
Privacidade

Transparéncia da cadeira de fornecimento

As tecnologias Intel® podem exigir ativagdo de hardware, software especifico ou de servigos. // Nenhum produto ou componente
pode ser totalmente seguro. // Os seus custos e resultados podem variar. // O desempenho varia de acordo com o uso, a
configuragdo e outros fatores. // Veja nossos Avisos e isengdes de responsabilidade legais completos

. /] AIntel estd comprometida em respeitar os direitos humanos e evitar cumplicidade com abusos de direitos
humanos. Consulte Principios Globais de Direitos Humanos
da Intel. Os produtos e software da Intel sdo destinados a serem utilizados apenas em aplicagdes que ndo causem ou
contribuam com a violagdo de um direito humano reconhecido internacionalmente.

https://ark.intel.com/content/www/br/pt/ark/products/226066/intel-core-i7 12650h-processor-24m-cache-up-to-4-70-ghz.html
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intel.
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SMART Modular Technologies

Memory Module Datasheet
260pin DDR4 Small Outline DIMM

Jul 22, 2021
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Ordering Information

Part Number Description Device Vendor
IC SMART P/N
16GB DDR4 (2Gx64), 1Rx8, 260-pin SDQAAGBWO8XCWET7NIT,
SODIMM, 2Gx8 based IC, DDR4-3200- Samsung IC ref. P/N
SMSAWECBC2J2446SAG 22-22-22. 1.2V, 30.00mm, Halogen- K4AAGOB5WA-BCWE
Free (RoHS Compliant) Samsung module ref. P/N

M471A2G43AB2-CWE
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Part Number Decoder

Module Manufacturer

S: Smart Modular Technologies
Product Identification

M: Memory Module (RoHS & Halogen-Free & Sb-Free)
DIMM Type

S: Small Outline DIMM

DRAM Component Type

4: DDR4 SDRAM (1.2V VDD)
Speed

WE: DDR4-3200 (22-22-22)
Temperature & Power

C: Commercial Temp (0°~85°C) & Normal Power
Bit Organization

8:x8

Package Type

C: FBGA(Flip-Chip)

Depth

2J: 2Gb

PCB Revision

2: 2nd Ver.

Component Banks & Interface
4: 16 Banks & POD 1.2V
Pinout/Data Width

46: 260-Pin x64

Module Design

S: Samsung

DRAM IC Generation

A: A-die (2nd Gen.)

Internal Code

G
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1. DDR4 Unbuffered SODIMM ORDERING INFORMATION

[Table 1] Ordering Information Table

Number of

Part Number") Density Organization Component Composition”) Rank

SMS4WEC8C2J2446SAG 16GB 2Gx64 2Gx8(SDQAAGG6WOBXCWET7NIT)*8 1 30.00mm

NOTE :
1) WE(3200Mbps 22-22-22).
- Backward compatible to lower frequency.

2. KEY FEATURES

[Table 2] Speed Bins

DDR4-1600 A DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 ‘ DDR4-3200

11-11-11 13-13-13 15-15-15 171717 ‘ 22-22-22
tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns
CAS Latency 1" 13 15 17 19 21 22 nCK
tRCD 13.75 13.92 14.06 14.16 14.25 14.32 13.75 ns
tRP 13.75 13.92 14.06 14.16 14.25 14.32 13.75 ns
tRAS 35 34 33 32 32 32 32 ns
tRC 48.75 47.92 47.06 46.16 46.25 46.32 45.75 ns

» JEDEC standard 1.2V + 0.06V Power Supply

* Vppq= 1.2V £0.06V

* 800 MHz fck for 1600Mb/sec/pin, 933 MHz fck for 1866Mb/sec/pin, 1067MHz fck for 2133Mb/sec/pin,1200MHz fck for 2400Mb/sec/pin, 1333MHz
fck for 2666Mb/sec/pin, 1467MHz fCK for 2933Mb/sec/pin and 1600MHz fCK for 3200Mb/sec/pin.

* x8:16 Banks (4 Bank Groups), x16 : 8Banks (2 Bank Groups)

* Programmable CAS Latency: 10,11,12,13,14,15,16,17,18,19,20,22,24

* Programmable Additive Latency (Posted CAS): 0, CL - 2, or CL- 1 clock

* Programmable CAS Write Latency (CWL) = 9,11 (DDR4-1600), 10,12 (DDR4-1866), 11,14 (DDR4-2133),12,16 (DDR4-2400), 14,18 (DDR4-2666)
and 16, 20 (DDR4-2933, 3200)

» Burst Length: 8, 4 with tCCD = 4 which does not allow seamless read or write [either On the fly using A12 or MRS]

« Bi-directional Differential Data Strobe

* On Die Termination using ODT pin

* Average Refresh Period 7.8us at lower then Tcase 85°C, 3.9us at 85°C < Tgase < 95°C

« Asynchronous Reset

* Commercial Temperature Range: 0°C to 85°C

3. ADDRESS CONFIGURATION

Organization ‘ Row Address Column Address Bank Group Address Bank Address Auto Precharge

2Gx8(16Gb) based Module A0-A16 A0-A9 BGO0-BG1 BAO-BA1 A10/AP

©2021 SMART Modular - Confidential 1
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4. Unbuffered SODIMM PIN CONFIGURATION (Front side/Back side)

Back ‘ Pin ‘ Front ‘ Pin Pin Front Pin ‘ Back ‘ Pin Front
1 VSS 2 VSS 79 DQ30 80| DQ31 |157| cstint [1s8 A13 235 VSS 236 | DQ57
3 DQ5 4 DQ4 81 Vss 82 vss |159| wvbp |160| VDD  |237| Dase |238] wvss
5 Vss 6 VsSS 83 DQ26 84 | Dpa27 |161| obT1 |162]co.cs2 nNc|239 Vss 240 | DQS7 ¢
7 DQ1 8 DQO 85 Vss 86 vss |163| vbp |[164| VREFca |241 |pm7_nDBI7 n| 242 Das7 t
9 Vss 10 VsSS 87 | cBsNC | 88| cBanc |165]|c1,cs3 nNc| 166 SA2 243 Vss 244 |  VSS
11| pasoc | 12 | DY | g vss 90 vss |[167| vss |1e8| vss |245| Das2 |246| DQs3
13 | DQSO_t 14 Vss 91 | cBiNC |92 | cBonc [169]| D37 [170] Dase  [247 vss 248 |  vss
15 Vss 16 DQ6 93 Vss 94 vss 171 vss |[172] vss |249| Dass |[250] Dase
17 DQ7 18 Vvss 95 | Das8c | 96 |DMmeDBI8 n|173| DQ33 |174| D@32 | 251 vss 252|  vss
19 Vss 20 DQ2 97 | Dass_t | 98 vss |175| vss  |176| vss | 253 scL 254| SDA
21 DQ3 22 VsS 99 VsS 100 cBeNC [177| Dasac [178| DWA |255| vODSPD 256  sA
23 Vss 24 | pa12 | 101 | ceanc [102| vss  [179| Dasat [180] vss  |257 VPP 258 vt
25 DQ13 26 vss | 103 vss 104| CB7NC | 181 vss |[182| Da3s |259 VPP 260| SA1
27 vss 28 pas | 105 | ceanc [106| vss [183| Dass [184| vss
29 DQ9 30 vss | 107 Vss 108| RESET n [185| vss |[186| Da3s
31 Vss 32 | pastic | 109 ckeo |110] cke1 |[187| Dass |[188| vss
33 |DM1 DB n| 34 | Dastt | 111 VDD 12| voo [18e| wvss |190| Dass
35 vss 36 vss | 113 BG1 14| AcTn |191]| Dass [192] vss
37 DQ15 38 | paia | 115 BGO 116| ALERT n [193] vss [194| Daa1
39 vss 40 vss | 117 VDD 118 wvob |195] Dado [196] vss
41 DQ10 2 | patt | 119 A12 120 A1 197] vss |198| Dassc
43 Vss 44 vss | 121 A9 122 A7 199 | DM f200 | Dasst
45 DQ21 46 | Dpa20 | 123 VDD 124  vop | 201 vss  [202| vss
47 vss 48 vss | 125 A8 126 A5 203| Da46 [204| Daa7
49 DQ17 50 | pate | 127 A6 128 A4 205| vss [208] vss
51 vss 52 vss | 120 VDD 130] vbD |[207| Da4z |[208| Das3
53 | DQS2c sa | DMEN 43 A3 132 A2 200|  vsS 210 VsS
55 | DQS2t 56 vss | 133 A 134| EVENT n [211| Dpas2  [212] Dass
57 vss 58 | Dpaz22 | 135 VDD 136| wvob [213] vss [21a] vss
59 DQ23 60 vss | 137 ckot |[138| ckit |215] Dase 216 Dass
61 Vss 62 | pats [139 | ckoc [140] ck1c |217] wvss [218] vss
63 DQ19 64 vss | 141 VDD 142| voD |219| pasec [220| DEE
65 Vss 66 | DQ2s | 143 Parity | 144 A0 221| Daset |[222| vss
67 DQ29 68 vss | 145 BAT 146 | A10AP [223| vss [224| Dass
69 Vss 70 | Dpaz2s | 147 VDD 148 wvboD [225| Dass [226| vss
71 DQ25 72 vss | 149 | cson [1s0] BA0 [227] vss [228] Daso
73 Vss 74 | pas3c | 151 | atawe n [152| AteiRAS n | 229 Dast [230]  vss
75 |DM3_nDBI3 n| 76 | Das3t | 153 VDD 154| vbD | 231 vss [232| Daso
77 vss 78 vss | 155 ODTO | 156 | A15/CAS n [233| Dae1  |234|  vss

©2021 SMART Modular - Confidential 5



§ SMART

SMS4WEC8C2J2446SAG
Modular Technologies Jul 22, 2021
5. PIN DESCRIPTION
AO-A16 SDRAM address bus SCL I2C serial bus clock for SPD/TS
BAO, BA1 SDRAM bank select SDA I°C serial bus data line for SPD/TS
BGO, BG1 SDRAM bank group select SA0-SA2 12C slave address select for SPD/TS
RAS_n" SDRAM row address strobe PARITY SDRAM parity input
CAS_n? SDRAM column address strobe VDD SDRAM 1/O & core power supply
WE_n3 SDRAM write enable VPP SDRAM activating power supply
CS0_n-CS1_n | Rank Select Lines C0,C1 Chip ID lines for 3DS components
CKEOQ, CKE1 SDRAM clock enable lines VREFCA SDRAM command/address reference supply
ODTO0, ODT1 Register on-die termination control lines VSS Power supply return (ground)
ACT_n SDRAM activate VDDSPD Serial SPD/TS positive power supply
DQO0-DQ63 DIMM memory data bus ALERT_n SDRAM ALERT_n
CB0-CB7 DIMM ECC check bits RESET_n Set SDRAMSs to a Known State
DQSO0_t-DQS8_t (Sp?;':x (Ijiifc?ftm?f:fential pair) EVENT_n TS signals a thermal event has occurred
DQS0_c-DQss_c azlg?:txedﬁrgz ztfrcc)j?f?:rential pair) viT (;r:r:?;?zﬂzn supplyforine Address, Command and
Bg%__?;%'\é%ﬂ (legigzle:axtszmlja;\;(;:)ata bus inversion NG No connection
CKO_t, CK1_t | SDRAM clocks (positive line of differential pair)
CKO_c, CK1_c | SDRAM clocks (negative line of differential pair)
NOTE :

1) RAS_n is a multiplexed function with A16.
2) CAS_n is a multiplexed function with A15.
3) WE_n is a multiplexed function with A14.

[Table 3] Temperature Sensor Characteristics

Temperature Sensor Accuracy

Units
Typ. Max. ‘
75<Ta<95 +/-0.5 +/-1.0 -
B 40<Ta<125 +/-1.0 +/-2.0 °C -
-20<Ta<125 +/-2.0 +/-3.0 -
Resolution 0.25 °C /LSB -

©2021 SMART Modular - Confidential
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6. INPUT/OUTPUT FUNCTIONAL DESCRIPTION

[Table 4] Input/Output Function Description

Symbol Type Function \

Clock: CK_t and CK_c are differential clock inputs. All address and control input signals are sampled on the crossing
CK_t, CK_c Input — -
of the positive edge of CK_t and negative edge of CK_c.

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and device input buffers and
output drivers. Taking CKE LOW provides Precharge Power-Down and Self-Refresh operation (all banks idle), or
Active Power-Down (row Active in any bank). CKE is synchronous for Self-Refresh exit. After VREFCA and Internal
CKE (CKE1) Input DQ Vref have become stable during the power on and initialization sequence, they must be maintained during all
operations (including Self-Refresh). CKE must be maintained high throughout read and write accesses. Input buffers,
excluding CK_t, CK_c, ODT and CKE, are disabled during power-down. Input buffers, excluding CKE, are disabled
during Self-Refresh.

Chip Select: All commands are masked when CS_n is registered HIGH. CS_n provides for external Rank selection
CS_n,CS_n Input ) . . )
on systems with multiple Ranks. CS_n is considered part of the command code.

co. C1 Input Chip ID: Chip ID is only used for 3DS for 2 and4 high stack via TSV to select each slice of stacked component. Chip
' ID is considered part of the command code.

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance internal to the DDR4
SDRAM. When enabled, ODT is only applied to each DQ, DQS_t, DQS_c and DM_n/DBI_n/TDQS_t, NU/TDQS_c
ODT (ODT1) Input (When TDQS is enabled via Mode Register A11=1 in MR1) signal for x8 configurations. For x16 configuration ODT is
applied to each DQ, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n, and DML_n signal. The ODT pin will be ignored
if MR1 is programmed to disable RTT_NOM.

ACT n Input Activation Command Input: ACT_n defines the Activation command being entered along with CS_n. The input into
- RAS_n/A16, CAS_n/A15 and WE_n/A14 will be considered as Row Address A16, A15 and A14

Command Inputs: RAS_n/A16, CAS_n/A15 and WE_n/A14 (along with CS_n) define the command being entered.
RAS_n/A16 Inout Those pins have multi function. For example, for activation with ACT_n Low, these are Addresses like A16, A15 and
%ES_://A\JA,S P A14 but for non-activation command with ACT_n High, these are Command pins for Read, Write and other command
- defined in command truth table

Input Data Mask and Data Bus Inversion: DM_n is an input mask signal for write data. Input data is masked when
DM_n/DBI_n/ DM_n is sampled LOW coincident with that input data during a Write access. DM_n is sampled on both edges of
TDQS_t, (DMU_n/|  Input/ DQS. DM is muxed with DBI function by Mode Register A10, A11, A12 setting in MR5. For x8 device, the function of
DBIU_n), (DML_n/|  Output | DM or TDQS is enabled by Mode Register A11 setting in MR1. DBI_n is an input/output identifing whether to store/
DBIL_n) output the true or inverted data. If DBI_n is LOW, the data will be stored/output after inversion inside the DDR4

SDRAM and not inverted if DBI_n is HIGH. TDQS is only supported in X8.

Bank Group Inputs: BGO - BG1 define to which bank group an Active, Read, Write or Precharge command is being
BGO - BG1 Input applied. BGO also determines which mode register is to be accessed during a MRS cycle. X4/8 have BGO and BG1
but X16 has only BGO.

BAO - BA1 Input Bank Address Inputs: BAO - BA1 define to which bank an Active, Read, Write or Precharge command is being
applied. Bank address also determines which mode register is to be accessed during a MRS cycle.

Address Inputs: Provide the row address for ACTIVATE Commands and the column address for Read/Write

AO - A17 Input commands to select one location out of the memory array in the respective bank. A10/AP, A12/BC_n, RAS_n/A16,
CAS_n/A15 and WE_n/A14 have additional functions. See other rows. The address inputs also provide the op-code
during Mode Register Set commands. A17 is only defined for the x4 configurations

Auto-precharge: A10 is sampled during Read/Write commands to determine whether Autoprecharge should be
A0/ AP Input performed to the accessed bank after the Read/Write operation. (HIGH: Autoprecharge; LOW: no Autoprecharge).
A10 is sampled during a Precharge command to determine whether the Precharge applies to one bank (A10 LOW)
or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected by bank addresses.

A12/BC n Input Burst Chop: A12/BC_n is sampled during Read and Write commands to determine if burst chop (on-the-fly) will be
- performed. (HIGH, no burst chop; LOW: burst chopped). See command truth table for details.

Active Low Asynchronous Reset: Reset is active when RESET_n is LOW, and inactive when RESET_n is HIGH.
RESET_n must be HIGH during normal operation. RESET_n is a CMOS rail to rail signal with DC high and low at

RESET_n Input
80%
and 20% of VDD.
Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then CRC code is added at the end of
DQ Input/ Data Burst. Any DQ from DQO0-DQ3 may indicate the internal Vref level during test via Mode Register Setting MR4

Output A4=High. During this mode, RTT value should be set to Hi-Z. Refer to vendor specific datasheets to determine which
DQ is used.
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[Table 4] Input/Output Function Description

Symbol Type Function

Data Strobe: output with read data, input with write data. Edge-aligned with read data, centered in write data. For the
DQS t DAS ¢ x16, DQSL corresponds to the data on DQL0-DQL7; DQSU corresponds to the data on DQU0-DQU?7. The data
DQSU__t, DQSG_C, Input/ strobe ‘ - o .
_t, _tan _t are paired with differential signals _Ch _c,an _c, respectively, to
DQSL t DQSL ¢ Output DQS_t, DQSL_t and DQSU_t d with diff tial Is DQS DQSL d DQSU tively, t
- - provide differential pair signaling to the system during reads and writes. DDR4 SDRAMs support differential data
strobe only and does not support single-ended.

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When enabled via Mode Register A11 =
1in MR1, the DRAM will enable the same termination resistance function on TDQS_t/TDQS_c that is applied to
DQS_t/DQS_c. When disabled via mode register A11 =0 in MR1, DM/DBI/TDQS will provide the data mask function
or Data Bus Inversion depending on MR5; A11,12,10and TDQS_c is not used. x4/x16 DRAMs must disable the
TDQS

function via mode register A11 = 0 in MR1.

TDQS_t, TDQS_c Output

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAM with MR setting. Once it's enabled
via Register in MR5, then DRAM calculates Parity with ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, BG0-BG1,
BAO0-BA1, A17-A0 and C0-C2 (3DS devices). Command and address inputs shall have parity check performed when
commands are latched via the rising edge of CK_t and when CS_n is low.

PAR Input

ALERT: It has multi functions such as CRC error flag, Command and Address Parity error flag as Output signal. If

there is error in CRC, then ALERT_n goes LOW for the period time interval and goes back HIGH. If there is error in

Output/ Command Address Parity Check, then ALERT_n goes LOW for relatively long period until on going DRAM internal
Input recovery transaction is complete. During Connectivity Test mode this pin works as input.

Using this signal or not is dependent on system. In case of not connected as Signal, ALERT_n Pin must be bounded

to VDD on board.

ALERT n

Connectivity Test Mode Enable : Required on X16 devices and optional input on x4/x8 with densities equal to or
greater than 8Gb.HIGH in this pin will enable Connectivity Test Mode operation along with other pins. It is a CMOS
TEM Input rail

to rail signal with AC high and low at 80% and 20% of VDD. Using this signal or not is dependent on System. This pin
may be DRAM internally pulled low through a weak pull-down resistor to VSS.

NC No Connect: No internal electrical connection is present.
vDDQ Supply | DQ Power Supply: 1.2V +/- 0.06V

VSSsQ Supply | DQ Ground

VDD Supply Power Supply: 1.2V +/- 0.06 V

VSS Supply Ground

VPP Supply DRAM Activating Power Supply: 2.5V (2.375V min, 2.75V max)

VREFCA Supply Reference voltage for CA
ZQ Supply Reference Pin for ZQ calibration

NOTE :
1) Input only pins (BG0-BG1, BA0-BA1, A0-A17, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT and RESET_n) do not supply termination.
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6.1 Address Mirroring

DDR4 two rank SODIMMs will use address mirroring. DRAMs for even ranks will be placed on the front side of the module. DRAMs for odd ranks will be

placed on the back side of the module. Wiring of the address bus will be as defined in Table 5.
Since the cross-wired pins have no secondary functions, there is no problem in normal operation. Any data written is read the same way. There are
limitations however. When writing to the internal registers with a "load mode" operation, the specific address is required. This requires the controller to

know if the rank is mirrored or not. There is a bit assignment in the SPD that indicates whether the module has been designed with the mirrored feature or

not. See the DDR4 SPD specification for these details. The controller must read the SPD and have the capability of de-mirroring the address when

accessing the odd ranks.

[Table 5] DIMM Wiring Definition for Address Mirroring

Signal Name

DRAM Ball Lable

Comment

Connector Even Rank Odd Rank
A0 A0 A0
A1 A1 A1
A2 A2 A2
A3 A3 A4
A4 A4 A3
A5 A5 A6
A6 A6 A5
A7 A7 A8
A8 A8 A7
A9 A9 A9

A10/AP A10/AP A10/AP

A11 A11 A13

A12/BC_n A12/BC_n A12/BC_n
A13 A13 A11

A14/WE_n A14/WE_n A14/WE_n

A15/CAS_n A15/CAS_n A15/CAS_n

A16/RAS_n A16/RAS_n A16/RAS_n
A17 A17 A17 Not valid for x8 and x16 DRAM components up to 16Gb.
BAO BAO BA1
BA1 BA1 BAO
BGO BGO BG1 BG1 is not valid for x16 DRAM components. For x16 DRAM components

signal BGO will be wired to DRAM ball BGO for both ranks.

BG1 BG1 BGO BG1 is not valid for x16 DRAM components. For x16 DRAM components

signal BGO will be wired to DRAM ball BGO for both ranks.
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7. FUNCTION BLOCK DIAGRAM
7.1 16GB, 2Gx64 Module (Populated as 1 ranks of x8 DDR4 SDRAMSs)

CKO_t,CK0_c
A[16:0],BA[1:0],
ACT_n,PARITY,BG[1:0]
cs0 n
oDTo
CKEO
THIE
o w g ZQ -
DQS0_t —a— DQS_t ° ﬁ e
DQSO_c | pQs ¢ DO
DQ [7:0]—p\— DQ [7:0]
DMO_n/DBIO_N —p~— DM /DM n
LT 11
T EE
568 ¢ °zabwvss
DQS2_t DQS_t 2
sopie o O
: DQ [7:0]
DMZ_nIDBIZ_n%DMIn;D]m n
[T T 11
506 @ ¢ " zabw-vss
DQS4_t s~ DQS_t p
DQS4_c | DQS ¢ D2
DQ [39:32] \pn— D@ [7:0]
DM4_n/DBl4_n _ 1 pB| n/DM_n
[T T 11
5069 ¢ ° zabw-vss
DQS6_t —x—| DOS 1 2
DQS6_c— | DQS ¢ D3
DQ [55:48) —h— DQ [7:0]
DM6_n/DBI6_n _n—{ DM n/DBI n

Front O
ron Do | D1 D2 || D3 L
Back D7 || D6 D5 || D4 |

Address, Command and Control lines
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CKO_t,CKO_¢
A[16:0],BA[1:0],
ACT_n,PARITY,BG[1:0]
CS0_n
oDTOo
CKEOD
¥B8 o83
o P Z2Q-—
DAS1_t | pas ¢ LR ves
DQS1_¢ —pp— DQS ¢ D7
Da 5:8]..#_ DQ [7:0]
DM1_HDB11_H —~MN— DM n/DBI n
[ Y i
= c 0 ¥
]
% 89 8 °zaluvss
DQS3.t _,._1DQS_t e
D{}Dgﬁi; Das_c D6
28l _\w—DQ[7:0
DM3_n/DBI3_n Dsi [TnJ‘D]BI o
I
Ye o838
00 Y% £ " ZQ-w-vss
DAS5_t — a1 DQS_t 2
DQS5 ¢ pp— DQS ¢ Ds
DQ [47:40]_\”\_ DQ [7:0]
DM5_n/DBI5_n __pp DM n/DBI n
A Tl |
B 838
00y L " Za-w-vss
DAS7_t _~— DQS_t .
DQS7_c ——{DAS ¢ D4
DQ [63:56] DQ [7:0]
DM7_n/DBI7_n _»~— DM_n/DBI_n
VbpspD - Serial PD
V ==
PP + DO-D7
Serial PD Vop 11 D0-D7
SCL - - SDA VT =
Alg AI-] A|2 VREFCA D0-D7
SAO SAT SA2 Vss oo-b7
NOTE:
1) Unless otherwise noted, resistor values are 15Q +5%.
2) ZQ resistors are 240Q * 1%. For all other resistor values refer to the appropriate wiring diagram.
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8. ABSOLUTE MAXIMUM RATINGS
[Table 6] Absolute Maximum DC Ratings
Symbol Parameter Rating Units NOTE ‘
VDD Voltage on VDD pin relative to Vss -0.3~15 \% 1,3
vDDQ Voltage on VDDQ pin relative to Vss -0.3~15 Vv 1,3
VPP Voltage on VPP pin relative to Vss -0.3~3.0 \Y 4
Vin, Vour Voltage on any pin except VREFCA relative to Vss -0.3~15 Vv 1,3,5
Tste Storage Temperature -55 to +100 °C 1,2
NOTE :

1) Stresses 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 affectreliability

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.

3) VDD and VDDQ must be within 300mV of each other at all times; and VREFCA must be not greater than 0.6 x VDDQ, When VDD and VDDQ are less than 500mV; VREFCA
may be equal to or less than 300mV

4) VPP must be equal or greater than VDD/VDDAQ at all times.

5) Overshoot area above 1.5V is specified in 10.3.4 Address, Command and Control Overshoot and Undershoot specifications, 10.3.5 Clock Overshoot and Undershoot

Specifications and 10.3.6 Data, Strobe and Mask Overshoot and Undershoot Specifications.

9. AC & DC OPERATING CONDITIONS

[Table 7] Recommended DC Operating Conditions

Parameter
VDD Supply Voltage 1.14 1.2 1.26 \Y 1,2,3
vDDQ Supply Voltage for Output 1.14 1.2 1.26 \% 1,2,3
VPP Peak-to-Peak Voltage 2.375 2.5 2.75 \% 3
NOTE :

1) Under all conditions Vppq must be less than or equal toVpp.
2) Vppq tracks with Vpp. AC parameters are measured with Vpp and Vppq tied together.
3) DC bandwidth is limited to 20MHz.

[Table 8] Recommended Operating Temperature Ranges

Parameter/Condition Max-Normal Max-Extended

Device Rating

Commercial Temperature CT TOPER-CT 0°C 85°C 95°C

NOTE :

1) The operating temperature is the case surface temperature on the center-top side of the DDR4 device. For measurements conditions, refer to JESD51-2.
2) Max-Normal is the maximum limit when device is operating in the Normal Temperature Mode.

3) Max-Extended is the maximum limit when device is operating in the Extended Temperature Mode.
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10. AC & DC INPUT MEASUREMENT LEVELS
10.1 AC & DC Logic Input Levels for Single-Ended Signals

[Table 9] Single-ended AC & DC Input Levels for Command and Address
DDR4-1600/1866/2133/2400 ‘

DDR4-2666/2933/3200

Parameter Min. ‘ Unit | NOTE
VIH.CA(DC75) DC input logic high VRrerca+ 0.075 VDD - - Vv
VIL.CA(DC75) DC input logic low VSS VRerca-0.075 - - \Y
VIH.CA(DC65) DC input logic high - - VRrercat 0.065 VDD Vv
VIL.CA(DC65) DC input logic low - - VSS VRerca-0.065 \%
VIH.CA(AC100) AC input logic high VRer + 0.1 Note 2 - - Vv 1
VIL.CA(AC100) AC input logic low Note 2 VRer- 0.1 - - \Y 1
VIH.CA(AC90) AC input logic high - - VRer + 0.09 Note 2 Vv 1
VIL.CA(AC90) AC input logic low - - Note 2 Vrer - 0.09 \Y 1
VREFCA(DC) Reference Voltage for ADD, CMD inputs 0.49*VDD 0.51*VvDD 0.49*VDD 0.51*vDD \% 2,3
NOTE :

1) See “Overshoot and Undershoot Specifications” on section10.3 AC and DC Logic Input Levels for Differential Signals.
2) The AC peak noise on VREFCA may not allow VREFCA to deviate from VREFCA(DC) by more than + 1% VDD (for reference : approx. + 12mV)
3) For reference : approx. VDD/2 +12mV.

10.2 AC and DC Input Measurement Levels: VgRegg Tolerances.

The DC-tolerance limits and ac-noise limits for the reference voltages Vrerca is illustrated in Figure 1. It shows a valid reference voltage Vgeg(t) as a
function of time. (Vrer stands for Vgreggca)-

VRer(DC) is the linear average of Vreg(t) over a very long period of time (e.g. 1 sec). This average has to meet the min/max requirement in Table 9.
Furthermore VRrgg(t) may temporarily deviate from Vrgr(DC) by no more than + 1% Vpp.

‘ voltage

Vges ac-noise

VRef(DC)max
VDD/2
VReﬂ DC)min

Vss

time

Figure 1. lllustration of Vgrep(DC) tolerance and Vggr AC-noise limits

The voltage levels for setup and hold time measurements V|y4(AC), V|4(DC), V|L(AC) and V, (DC) are dependent on VRrgf.
"Vger" shall be understood as Vrgr(DC), as defined in Figure 1.

This clarifies, that DC-variations of Vrgr affect the absolute voltage a signal has to reach to achieve a valid high or low level and therefore the time to
which setup and hold is measured. System timing and voltage budgets need to account for Vrgg(DC) deviations from the optimum position within the
data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with Vrgg AC-noise. Timing
and voltage effects due to AC-noise on Vrgr up to the specified limit (+/-1% of Vpp) are included in DRAM timings and their associated deratings.
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10.3 AC and DC Logic Input Levels for Differential Signals
10.3.1 Differential Signals Definition

b V,,.DIFFAC.MIN

Vj.DIFF.MIN

0.0 /
half cycle

V| .DIFF.MAX

V,_.DIFF.AC MAX

Differential Input Voltage (CK_t - CK_c)

time

Figure 2. Definition of differential ac-swing and “time above ac-level” tpyac
NOTE:
1) Differential signal rising edge from VIL.DIFF.MAX to VIH.DIFF.MIN must be monotonic slope.
2) Differential signal falling edge from VIH.DIFF.MIN to VIL.DIFF.MAX must be monotonic slope.

10.3.2 Differential Swing Requirements for Clock (CK_t - CK_c)

[Table 10] Differential AC and DC Input Levels

DDR4 -1600/1866/2133

DDR4 -2400/2666 DDR4-2933 DDR4-3200

uni NOT

Parameter t

min max min max min max min max

Vingir | differential input high 150 NOTE 3 135 NOTE 3 125 NOTE 3 110 NOTE3 |mv| 1
Vit | differential input low NOTE 3 150 NOTE 3 135 NOTE 3 125 NOTE 3 10 |mv| 1
2 x (Vi(AC) - 2 X (Vi(AC) - 2 X (Vi(AC) - 2 x (Vi(AC) -
Vinai(AC) | differential input high ac | 2 X (VHAC) -1 \orE 3 XVIHAC)H- - otE 3 XMVIHAC)-1 - oTE 3 XVIHAC)- - \otEs | v 2
VREF) VREF) VREeF) VREeF)
2 x (VIL(AC) - 2x (VIL(AC) - 2 x (ViL(AC) - 2 x (VIL(AC) -
ViLait(AC) | differential inputlow ac | NOTE 3 XxVLAC) - \oTE 3 XVLAC)-| - \oTE 3 XVLAC) - \oTE 3 xVILAC) -\ 1
VREeF) VREeF) VREF) VREF)

NOTE :

1) Used to define a differential signalslew-rate.

2) for CK_t - CK_c use VIH_CA/VIL_CA(AC) of ADD/CMD and VREFCAS
3) These values are not defined; however, the differential signals CK_t - CK_c, need to be within the respective limits (V|4 ca(DC) max, V| ca(DC)min) for single-ended signals
as well as the limitations for overshoot and undershoot.

[Table 11] Allowed Time Before Ringback (tDVAC) for CK_t - CK_c

tDVAC [ps] @ |ViH/Lai(AC)| = 200mV

Slew Rate [V/ns]

min
>4.0 120 -
4.0 115 -
3.0 110 -
2.0 105 -
1.8 100 -
1.6 95 -
1.4 90 -
1.2 85 -
1.0 80 -
<1.0 80 -
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10.3.3 Single-ended Requirements for Differential Signals

Each individual component of a differential signal (CK_t, CK_c) has also to comply with certain requirements for single-ended signals.

CK_t and CK_c have to approximately reach VSEHmin / VSELmax (approximately equal to the ac-levels (VIH.CA(AC) / VIL.CA(AC)) for ADD/CMD
signals) in every half-cycle.

Note that the applicable ac-levels for ADD/CMD might be different per speed-bin etc. E.g., if Different value than VIH.CA(AC100)/VIL.CA(AC100) is used
for ADD/CMD signals, then these ac-levels apply also for the single-ended signals CK_t and CK_c.

VDD/Z or VDDQ'/Z

VggL max

VggorV .
SS SsSQ time

Figure 3. Single-ended requirement for differential signals.

Note that, while ADD/CMD signal requirements are with respect to VrefCA, the single-ended components of differential signals have a requirement with
respect to VDD / 2; this is nominally the same. The transition of single-ended signals through the ac-levels is used to measure setup time. For single-
ended components of differential signals the requirement to reach VSELmax, VSEHmIn has no bearing on timing, but adds a restriction on the common

mode characteristics of these signals.

[Table 12] Single-ended Levels for CK_t, CK_c

o . DDR4-1600/1866/2133 DDR4-2400/2666 DDR4-2933 DDR4-3200 Un NOT
arameter .
Min Max Min ‘ Max Min Max Min Max it E
Single-ended high-level (vDD/ (vDD/ (vDD/ (vDD/
Y
SEH | for CK_t, CK_¢ 2)+0.100 NOTE3 2)+0.095 NOTE3 2)+0.085 NOTE3 2+0.085) NOTE3 | V11,2
Single-ended low-level (vDD/2)- (VDD/2)- (vDD/2)- (vDD/2-
Y
SEL | for cK_t, CK ¢ NOTE3 0.100 NOTES3 0.095 NOTES 0.085 NOTES3 0.085) Vit2

NOTE :
1) For CK_t - CK_c use V|H.ca/ViL.ca(AC) of ADD/CMD;

2) VIH(AC)/V|L(AC) for ADD/CMD is based on VRerca;
3) These values are not defined, however the single-ended signals CK_t - CK_c need to be within the respective limits (V|4.ca(DC) max, Vi ca(DC)min) for single-ended

signals as well as the limitations for overshoot and undershoot.

10.3.4 Address, Command and Control Overshoot and Undershoot
specifications

[Table 13] AC overshoot/undershoot specification for Address, Command and Control pins

Specification
NOT

Parameter Symbol ppr4- DDR4- DDR4- DDR4- DDR4- DDR4- DDR4- Unit o
2666

1600 1866 2133 2400 2933 3200
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Maximum peak amplitude above VAOS VAOSP 0.06 \%

Upper boundary of overshoot area AAOS1 VAOS VDD +0.24 \% 1

Maximum peak amplitude allowed for undershoot VAUS 0.30 \%

Maximum overshoot area per 1 tCK above VAOS AAOS2 | 0.0083 0.0071 | 0.0062 | 0.0055 | 0.0055 0.0055 | 0.0055 | V-ns

Maximum overshoot area per 1tCK between VDD | a5 | 02550 | 0.2185 | 0.1914 | 0.1699 | 0.1699 | 0.1699 | 0.1699 | V-ns

and VAOS

Maximum undershoot area per 1 tCK below VSS AAUS | 0.2644 | 0.2265 | 0.1984 | 0.1762 | 0.1762 | 0.1762 | 0.1762 | V-ns

(A0-A13,A17,BG0-BG1,BA0-BA1,ACT_n,RAS_n/A16,CAS_n/A15WE_n/A14,CS_n,CKE,ODT,C2-C0)

NOTE :

1) The value of VAOS matches VDD absolute max as defined in Table 6 Absolute Maximum DC Ratings if VDD equals VDD max as defined in Table 7 Recommended DC
Operating Conditions. If VDD is above the recommended operating conditions, VAOS remains at VDD absolute max as defined in Table 6.

Vaosp

Vaos

Volts /oD
V)

SS _"

Vaus

A

1tCK

Anos2

= Anos1

Aaus

Figure 4. Address, Command and Control Overshoot and Undershoot Definition
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10.3.5 Clock Overshoot and Undershoot Specifications

[Table 14] AC overshoot/undershoot specification for Clock

Specification

Parameter Symbol | ppRra4- DDR4- DDR4- DDR4- Unit| NOTE
1600 2133 2400 2666
Maximum peak amplitude above VCOS VCOSP 0.06 \Y,
Upper boundary of overshoot area ADOS1 VCOS VDD +0.24 \% 1
Maximum peak amplitude allowed for undershoot | VCUS 0.30 \

Maximum overshoot area per 1 Ul above VCOS ACOS2 | 0.0038 | 0.0032 0.0028 | 0.0025 | 0.0025 | 0.0025 | 0.0025 |V-ns

gﬂnadx'\r/“;(’)“s"w“hoomrea per 1 Ulbetween VDD | \o6s1 | 04125 | 0.0964 | 00844 | 0.0750 | 0.0750 | 0.0750 | 0.0750 |V-ns

Maximum undershoot area per 1 Ul below VSS ACUS | 0.1144 0.0980 0.0858 | 0.0762 0.0762 0.0762 | 0.0762 |V-ns
(CK_t, CK_c)

NOTE :
1) The value of VCOS matches VDD absolute max as defined in Table 6 Absolute Maximum DC Ratings if VDD equals VDD max as defined in Table 7 Recommended DC
Operating Conditions. If VDD is above the recommended operating conditions, VCOS remains at VDD absolute max as defined in Table 6.

Vcosp
- A
Veos i cosz
A -—— ACOS1
V, — ——
\(\O))ts o° H 1Ul
-—  Acus
Veus y

Figure 5. Clock Overshoot and Undershoot Definition
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10.3.6 Data, Strobe and Mask Overshoot and Undershoot Specifications

[Table 15] AC overshoot/undershoot specification for Data, Strobe and Mask

Specification

Parameter DDR4- | DDR4- @ DDR4-
2133 2400 2666
Maximum peak amplitude above VDOS VDOSP 0.16 \Y
Upper boundary of overshoot area ADOS1 VDOS vDDQ + 0.24 \% 1
Lower boundary of undershoot area ADUS1 VDUS 0.30 \Y 2
Maximum peak amplitude below VDUS VDUSP 0.10 0.10 0.10 0.10 0.10 0.10 0.10 \%

Maximum overshoot area per 1 Ul above VDOS ADOS2 | 0.0150 | 0.0129 | 0.0113 | 0.0100 | 0.0100 | 0.0100 | 0.0100 |V-ns

Maximum overshoot area per 1 Ul between

ADOS1 | 0.1050 | 0.0900 | 0.0788 | 0.0700 | 0.0700 | 0.0700 | 0.0700 |V-ns

VDDQ and VDOS

Maximum undershoot area per 1 Ul between

VSSQ and VDUS1 ADUS1 | 0.1050 | 0.0900 | 0.0788 | 0.0700 | 0.0700 | 0.0700 | 0.0700 |V-ns
Maximum undershoot area per 1 Ul below VDUS ADUS2 | 0.0150 | 0.0129 | 0.0113 | 0.0100 | 0.0100 | 0.0100 | 0.0100 |V-ns
NOTE :

1) The value of VDOS matches (VIN, VOUT) max as defined in Table 6 Absolute Maximum DC Ratings if VDDQ equals VDDQ max as defined in Table 7 Recommended DC

Operating Conditions. If VDDQ is above the recommended operating conditions, VDOS remains at (VIN, VOUT) max as defined in Table 6.
2) The value of VDUS matches (VIN, VOUT) min as defined in Table 6 Absolute Maximum DC Ratings

Vposp
A
VDOS # DOS2
A <~—— Apost
\ — ——
\({)/I;cs DDQ . 1 Ul
v I -~ Apys1
DUS
Vbusp i = Apus2

Figure 6. Data, Strobe and Mask Overshoot and Undershoot Definition
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10.4 Slew Rate Definitions
10.4.1 Slew Rate Definitions for Differential Input Signals (CK)
Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown in Table 16 and Figure 7.
[Table 16] Differential Input Slew Rate Definition
Measured
Description Defined by
from ‘ to

Differential input slew rate for rising edge (CK_t - CK_c) V\Ldiffmax V\Hdiffmin [V\Hdiffmin = ViLdifimax] / DeltaTRdiff

Differential input slew rate for falling edge (CK_t - CK_c) V\Hdiffmin VL diffmax [V\diffmin - ViLdiffmax] / DeltaTFdiff
NOTE :
1) The differential signal (i,e.,CK_t - CK_c) must be linear between these thresholds.

Delta TRdiff

VHdiffmin

Differential Input Voltage(i,e, CK_t - CK_c)

o

Delta TFdiff

Figure 7. Differential Input Slew Rate Definition for CK_t, CK_c

V|Ldiffmax
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10.4.2 Slew Rate Definition for Single-ended Input Signals (CMD/ADD)

Delta TRsingle

\' .
IHCA(AC) Min

Vv )
IHCA(DC) Min

VREFCA(DC)

v
ILCA(DC) Max

v
ILCA(AC) Max

Delta TFsingle

Figure 8. Single-ended Input Slew Rate definition for CMD and ADD

NOTE :

1) Single-ended input slew rate for rising edge = {VIHCA(AC)Min - VILCA(DC)Max} / Delta TR single.
2) Single-ended input slew rate for falling edge = {VIHCA(DC)Min - VILCA(AC)Max} / Delta TF single.
3) Single-ended signal rising edge from VILCA(DC)Max to VIHCA(DC)Min must be monotonic slope.
4) Single-ended signal falling edge from VIHCA(DC)Min to VILCA(DC)Max must be monotonic slope.
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10.5 Differential Input Cross Point

Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock, each cross point voltage of differential input signals
(CK_t, CK_c) must meet the requirements in Table 17. The differential input cross point voltage VIX is measured from the actual cross point of true and

complement signals to the midlevel between of VDD and VSS.

VDD

CK t

Figure 9. Vix Definition (CK)

[Table 17] Cross Point Voltage for Differential Input Signals (CK)

DDR4-1600/1866/2133/2400

Symbol Parameter .
min max
VDD/2 - 145mV VDD/2 + 100mV
- Area of VSEH, VSEL VEEL = VOPI2 =< VSEL =< =<VsEH=< | VDP2" TaomV
VDD/2 - 100mV VDD/2 + 145mV
Differential Input Cross Point Voltage relative to ) -(vDD/2 - VSEL) + | (VSEH - VDD/2) -
VIX(CK) | vDD/2 for CK_t, CK_c 120mv 25mv 25mV 120mv

Parameter

DDR4-2666/2933/3200

- Area of VSEH, VSEL

VSEL <
VDD/2 - 145 mV

min

VDD/2 - 145 mV
=< VSEL =<
VDD/2 - 100 mV

VDD/2 + 100 mV
=< VSEH =<
VDD/2 + 145 mV

VDD/2 + 145 mV
<VSEH

Differential Input Cross Point Voltage relative to

VIX(CK) 1 vDDr2 for K t, CK ¢

-110 mV

- (VDD/2 - VSEL)
+30mV

(VSEH - VDD/2)
-30mV

110mV
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10.6 CMOS rail to rail Input Levels
10.6.1 CMOS rail to rail Input Levels for RESET_n

[Table 18] CMOS rail to rail Input Levels for RESET_n

Parameter ‘ Symbol Min ‘ Max Unit NOTE
AC Input High Voltage VIH(AC)_RESET 0.8*VvDD VDD \% 6
DC Input High Voltage VIH(DC)_RESET 0.7*VDD VDD v 2
DC Input Low Voltage VIL(DC)_RESET VSS 0.3*VDD \Y 1
AC Input Low Voltage VIL(AC)_RESET VSS 0.2*VDD v 7
Rising time TR_RESET - 1.0 us 4
RESET pulse width tPW_RESET 1.0 - us 3,5

NOTE :

1) After RESET_n is registered LOW, RESET_n level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, SDRAM may not be reset.

2) Once RESET_n is registered HIGH, RESET_n level must be maintained above VIH(DC)_RESET, otherwise, SDRAM operation will not be guaranteed until it is reset
asserting RESET_n signal LOW.

3) RESET is destructive to datacontents.

4) No slope reversal(ringback) requirement during its level transition from Low to High.

5) This definition is applied only “Reset Procedure at Power Stable”.

6) Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.

7) Undershoot might occur. It should be limited by Absolute Maximum DC Ratings.

tPW_RESET

08WDD - — = — = - —m mmm m e mm e —mm———— - -~
07°VDD - ——— —[— = ——————————————————— -

03*VDD - — — — |- - & o ____
s I T

Figure 10. RESET_n Input Slew Rate Definition
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10.7 AC and DC Logic Input Levels for DQS Signals
10.7.1 Differential signal definition

— — — — — — — — — -VIHHDiffPeak

t-DQS _c

Y

Half cycle

Differential Input Voltage : DQS

— VILDiffPeak

Time

Figure 11. Definition of differential DQS Signal AC-swing Level

10.7.2 Differential swing requirements for DQS (DQS_t - DQS_c)

[Table 19] Differential AC and DC Input Levels for DQS

DDR4-1600, 1866
’ ’ DDR4-2400 DDR4-2666 4 A
Parameter 2133 DDR4-2933 DDR4-3200 Unit | Note

Min ‘ Max ‘ Min Max Min Max Min ‘ Max ‘ Min Max
VIHDiffPeak | VIH.DIFF.Peak Voltage 186 Note2 160 Note2 150 Note2 145 Note2 140 Note2 | mV | 1

VILDiffPeak | VIL.DIFF.Peak Voltage | Note2 -186 Note2 -160 Note2 -150 Note2 -145 Note2 -140 | mV | 1

NOTE :

1) Used to define a differential signalslew-rate.

2) These values are not defined; however, the differential signals DQS_t - DQS_c, need to be within the respective limits Overshoot, Undershoot Specification for single-ended
signals.
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10.7.3 Peak voltage calculation method

The peak voltage of Differential DQS signals are calculated in a following equation.
VIH.DIFF.Peak Voltage = Max(f(t))
VIL.DIFF.Peak Voltage = Min(f(t))
f(t) = VDQS_t - VDQS_c

The Max(f(t)) or Min(f(t)) used to determine the midpoint which to reference the +/-35% window of the exempt non-monotonic signaling shall be the small-
est peak voltage observed in all Uls.

Ul
()]
< S
< | Dpast
=
8I — s e — g ] — e — s — e — Max(f(t))
a .
. Min(f(t))
+ 1)
S +3§% 50%
I
S
E
i +35%
= , +50%
o ’
c I
LU I ey - =
o DQS_c ] '
g: S ! N .
® ~--7 Y LY

Time

Figure 12. Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signaling
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10.7.4 Differential Input Cross Point Voltage

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross point voltage of differential input signals
(DQS_t, DQS_c) must meet the requirements in Table 20. The differential input cross point voltage VIX_DQS (VIX_DQS_FR and VIX_DQS_RF) is
measured from the actual cross point of DQS_t, DQS_c relative to the VDQSmid of the DQS_t and DQS_c signals.

VDQSmid is the midpoint of the minimum levels achieved by the transitioning DQS_t and DQS_c signals, and noted by VDQS_trans. VDQS_trans is the
difference between the lowest horizontal tangent above VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of
the transitioning DQS signals.

A non-monotonic transitioning signal’s ledge is exempt or not used in determination of a horizontal tangent provided the said ledge occurs within +/-35%
of the midpoint of either VIH.DIFF.Peak Voltage (DQS_t rising) or VIL.DIFF.Peak Voltage (DQS_c rising), refer to Figure 12. A secondary horizontal tan-
gent resulting from a ring-back transition is also exempt in determination of a horizontal tangent. That is, a falling transition’s horizontal tangent is derived
from its negative slope to zero slope transition (point A in Figure 13) and a ring-back’s horizontal tangent derived from its positive slope to zero slope tran-
sition (point B in Figure 13) is not a valid horizontal tangent; and a rising transition’s horizontal tangent is derived from its positive slope to zero slope tran-
sition (point C in Figure 13) and a ring-back’s horizontal tangent derived from its negative slope to zero slope transition (point D in Figure 13) is not a valid
horizontal tangent

Lowest horizontal tangent above VDQSmid of the transitioning signals

VDQS_trans

VDQS_trans/2

Highest horizontal tangent below VDQSmid of the transitioning signals

Vssa

DQS_t,DQS _c: Single-ended Input Voltages

Figure 13. Vix Definition (DQS)

Table 20] Cross point voltage for DQS differential input signals

DDR4-
Parameter DDR4-1600/1866/2133/ 2400 2666/2933/3200 Unit Note

Max Min Max

) . DQS_t and DQS_c crossing relative to the o
Vix_DQS_ratio midpoint of the DQS_t and DQS_c signal swings ) 25 ) 25 o 1,2

. min
VDQSmid_to_Vcent | VDQSmid offset relative to Vcent_DQ(midpoint) - (VIHn;:?f 50) - (VIHdiff5 | mV | 3,4,5
) 0)

NOTE :
1) Vix_DQS_Ratio is DQS VIX crossing (Vix_DQS_FR or Vix_DQS_RF) divided by VDQS_trans. VDQS_trans is the difference between the lowest horizontal tangent above
VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of the transitioning DQS signals.

) VDQSmid will be similar to the VREFDQ internal setting value obtained during Vref Training if the DQS and DQs drivers and paths are matched.

) The maximum limit shall not exceed the smaller of VIHdiff minimum limit or 50mV.

) VIX measurements are only applicable for transitioning DQS_t and DQS_c signals when toggling data, preamble and high-z states are not applicable conditions.
)

2
3
4
5) The parameter VDQSmid is defined for simulation and ATE testing purposes, it is not expected to be tested in a system.
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10.7.5 Differential Input Slew Rate Definition

Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as shown in Figure 13 and Figure 14.

01 — — VIHDiffPeak
3
a VIHDIiff_DQS
o
n
s}
(@]
(0]
o
8
e
>
=
Q
= VILDiff DQS
o |
c |
o - VILDiffPeak
< =
o Delta TFdiff Delta TRAiff
Time
Figure 14. Differential Input Slew Rate Definition for DQS_t, DQS_c
NOTE :
1) Differential signal rising edge from VILDiff_DQS to VIHDiff_DQS must be monotonic slope.
2) Differential signal falling edge from VIHDIff_DQS to VILDiff_DQS must be monotonic slope.
[Table 21] Differential Input Slew Rate Definition for DQS_t, DQS_c
. Measured ‘ i
Description Defined by
From To ‘
Differential input slew rate for rising edge (DQS_t - DQS_c) VILDiff_DQS VIHDIiff_DQS |VILDiff_DQS - VIHDiff_DQS|/DeltaTRdiff
Differential input slew rate for falling edge (DQS_t - DQS_c) VIHDiff_DQS VILDiff_DQS |VILDIff_DQS - VIHDIff_DQS|/DeltaTFdiff

[Table 22] Differential Input Level for DQS_t, DQS_c

DDR4-1600/1866/2133 DDR4-2400/2666 DDR4-2933 \ DDR4-3200 \
Parameter T - Unit NOTE
Min Max Min ‘ Min Max ‘ Min Max ‘
VIHDIiff DQS | Differential Input High 136 - 130 - 115 - 110 - mv
VILDiff DQS | Differential Input Low - -136 - -130 - -115 - -110 mV

[Table 23] Differential Input Slew Rate for DQS_t, DQS_c

DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200 ‘
Symbol Parameter Unit NOTE
Min Max Min Max

SRIdiff Differential Input Slew Rate 3 18 25 18 V/ns
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11. AC AND DC OUTPUT MEASUREMENT LEVELS
11.1 Output Driver DC Electrical Characteristics

The DDR4 driver supports two different Ron values. These Ron values are referred as strong(low Ron) and weak mode(high Ron). A functional
representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows:

The individual pull-up and pull-down resistors (RONp, and RONpq) are defined as follows:

VDDQ -Vout
RONpu = |7|%ut| under the condition that RONPd is off
Vout
RONpq = “1lout] under the condition that RONPu is off

Chip In Drive Mode

Qutput Drive
* ¢ VDDQ
To l Ipy
other
ot
i RO,
RCV, ... ¢ | DQ
RON
l Pd lout Vout
lpg
r's r) VSSQ

Figure 15. Output driver
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[Table 24] Output Driver DC Electrical Characteristics, assuming RZQ=2400hm; entire operating temperature range; after proper ZQ calibration

Resistor

' |  VOLde=05*YDDQ | 0.73 1 1.1 RzQ/7 1,2

RON34Pd VOMdc= 0.8 VDDQ 0.83 1 11 RZQ/7 12

240 VOHdc= 1.1 VDDQ 0.83 1 125 RZQ/7 12

VOLdc= 0.5* VDDQ 0.9 1 1.25 RZQ/7 12

RON34Pu VOMdc= 0.8 VDDQ 0.9 1 11 RZQ/7 12

VOHdc= 1.1 VDDQ 0.8 1 11 RZQ/7 12

VOLdc= 0.5'VDDQ 0.73 1 1 RZQ/5 12

RON48Pd VOMdc= 0.8 VDDQ 0.83 1 11 RZQ/5 12

480 VOHdc= 1.1 VDDQ 0.83 1 125 RZQ/5 12

VOLdc= 0.5* VDDQ 0.9 1 125 RZQ/5 12

RON48Pu VOMdc= 0.8* VDDQ 0.9 1 11 RZQ/5 12

VOHdc= 1.1 VDDQ 0.8 1 11 RZQ/5 12
Mismsltf”r_‘ dk;‘f,\t/‘;”’e&rl‘w‘;ﬂ'l;%p and VOMdc= 0.8* VDDQ -10 - 17 % 1,2,34
M'Smit{anDpQu.fu%fVJEEEZLe vari VOMdc= 0.8* VDDQ - - 10 % 124
M'sztt?:nDp?”EdQn ron " VOMdc= 0.8 VDDQ . . 10 % 124

NOTE :

1) The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or voltage changes after calibra-
tion, see following section on voltage and temperature sensitivity. 11.1.1 Output Driver Temperature and Voltage Sensitivity.

2) Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to achieve the linearity spec shown
above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDQ.

3) Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately; Ronnom is the nominal Ron
value

RONPu -RONPd

MMPuPd = RONNOM 100

4) RON variance range ratio to RON Nominal value in a given component, including DQS_t and DQS_c.

RONPuMax -RONPuMin
MMPudd = RONNOM 100

RONPdMax -RONPdMin
MMPddd = RONNOM 100

5) This parameter of x16 device is specified for Upper byte and Lower byte.
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11.1.1 Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to the equations and tables below.

AT =T - T(@calibration); AV = VDDQ - VDDQ(@ calibration); VDD = VDDQ

[Table 25] Output Driver Sensitivity Definitions

Symbol Min Max Unit
Ronpu@ Vor(oc) 0.6 - dRoNdTH x |AT| - dRondVH x |AV] 1.1 - dRonNdTH % |AT| + dRondVH x |AV| Rzq/6
Ron@ Vomoe) 0.9 - dRoNdTM x [AT| - dRondVM x |AV] 1.1 + dRoNdTM x |AT| + dRondVM x |AV] Rzq/6
Ronpo@ Vou(pc) 0.6 - dRoNdTL x |AT| - dRondVL x |AV] 1.1 + dRoNdTL x |AT| + dRondVL x |AV| Rzq/6

[Table 26] Output Driver Temperature and Voltage Sensitivity

Voltage and Temperature Range

dRondTM 0 15 %/°C
dRondVM 0 0.15 %/mV
dRondTL 0 15 %/°C
dRondVL 0 0.15 %/mV
dRondTH 0 15 %/°C
dRondVM 0 0.15 %/mV

11.1.2 Alert_n output Drive Characteristic

A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows:

Vout
RONpq =
o I lout | under the condition that RONp, is off
Alert Driver
DRAM
e | Alert
RON
Pd lout Vout
l lpg
. e VSSQ

Resistor
VOLdc= 0.1* VDDQ 0.3 1.2 340 1
RONpyq Vowmde = 0.8* VDDQ 0.4 1.2 34Q 1
Vorge = 1.1* VDDQ 0.4 1.4 34Q 1

NOTE:
1) VDDQ voltage is at VDDQDC.
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11.1.3 Output Driver Characteristic of Connectivity Test (CT) Mode

Following Output driver impedance RON will be applied Test Output Pin during Connectivity Test (CT) Mode.
The individual pull-up and pull-down resistors (RONPu_CT and RONPd_CT) are defined as follows:

Vopa-Vour
RONey o7= lout |
Vour
RONpa o7 out |
Chip In Driver Mode
Output Driver
¢ * Vppa
l lpu_cT
To
other RON’u_CT
circuity .
like ———=* DQ
RCV, ... RO lout|
I\Ld_CT
Vout
lpg_cT
& o VSSQ
Figure 16. Output Driver
RONyowm_ct Resistor ‘ Vout Max Units ‘ NOTE
VOBgyc = 0.2 x Vppq 1.9 34Q 1
RON VOLg. = 0.5 x Vppq 2.0 34Q 1
Pd_CT
- Vonc =0.8x VDDQ 2.2 34Q 1
VOHdC =11x VDDQ 2.5 340 1
34Q
VOBgyc = 0.2 x Vppq 2.5 34Q 1
RON VOLdC =0.5x VDDQ 2.2 34Q 1
Pu_CT
“- VOMq. = 0.8 x Vppa 2.0 340 1
VOH4c= 1.1 x Vppa 1.9 34Q 1
NOTE :

1) Connectivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pull down is defined.
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11.2 Single-ended AC & DC Output Levels

[Table 27] Single-ended AC & DC Output Levels

Symbol Parameter DDR4-1600/1866/2133/2400/2666/2933/3200 ‘ Units NOTE ‘

Von(DC) | DC output high measurement level (for IV curve linearity) 1.1 x Vppaq \%

Vom(DC) | DC output mid measurement level (for IV curve linearity) 0.8 x Vppq

VoL(DC) | DC output low measurement level (for IV curve linearity) 0.5 x Vppq \Y;

Vor(AC) | AC output high measurement level (for output SR) (0.7 + 0.15) x Vppa \% 1

VoL(AC) | AC output low measurement level (for output SR) (0.7-0.15) x Vppq \Y 1
NOTE :

1) The swing of + 0.15 x Vppq is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver impedance of RZQ/7Q and an effective test
load of 50Q) to V11 = Vppa.

11.3 Differential AC & DC Output Levels

[Table 28] Differential AC & DC Output Levels

Symbol Parameter ‘ DDR4-1600/1866/2133/2400/2666/2933/3200 ‘ Units NOTE
Vouai(AC) | AC differential output high measurement level (for output SR) +0.3 X Vppa v 1
Vorai(AC) | AC differential output low measurement level (for output SR) -0.3 x Vppa \Y 1

NOTE :

1) The swing of + 0.3 x Vppq is based on approximately 50% of the static differential output peak-to-peak swing with a driver impedance of RZQ/7Q and an effective test load
of 50Q to V1 = Vppq at each of the differential outputs.
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11.4 Single-ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between Vo ac)and Vopac) for

single ended signals as shown in Table 29 and Figure 17.

[Table 29] Single-ended Output Slew Rate Definition
Measured

Description Defined by
From To
Single ended output slew rate for rising edge VoL(AC) Vou(AC) [Vor(AC)-VoL(AC)] / Delta TRse
Single ended output slew rate for falling edge Vou(AC) VoL(AC) [Vou(AC)-VoL(AC)] / Delta TFse

NOTE :
1) Output slew rate is verified by design and characterization, and may not be subject to production test.

delta TFse delta TRse
Figure 17. Single-ended Output Slew Rate Definition

[Table 30] Single-ended Output Slew Rate
DDR4- DDR4- DDR4- DDR4- DDR4- DDR4- DDR4-

Symbol 1600 1866 2133 2400 2666 2933 3200 Units
Min ‘ Max‘ Min Max Min Max‘ Min ‘ Max‘ Min Max Min Max Min ‘ Max‘
4 9 4 9 4 9 4 9 4 9 4 9 Vins

Parameter

Single ended output slew rate SRQse 4 9

Description: SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

For Ron = RZQ/7 setting

NOTE :
1) In two cases, a maximum slew rate of 12 V/ns applies for a single DQ signal within a byte lane.
-Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high to low or low to high) while all remaining DQ signals in the

same byte lane are static (i.e. they stay at either high or low).
-Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high to low or low to high) while all remaining DQ signals in the
same byte lane are switching into the opposite direction (i.e. from low to high or high to low respectively). For the remaining DQ signal switching into the opposite direction, the

regular maximum limit of 9 V/ns applies
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11.5 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between VOLJIff(AC) and
VOH(dIiff(AC) for differential signals as shown in Table 31 and Figure 18.

[Table 31] Differential Output Slew Rate Definition

Measured
Descripti Defined by
From To
Differential output slew rate for rising edge VoLdgif(AC) Vondif(AC) [Vordifi(AC)-VoLgif(AC)] / Delta TRdiff
Differential output slew rate for falling edge Vondqi(AC) VoLgir(AC) [Vonudiff(AC)-VoLqif(AC)] / Delta TFdiff

NOTE:
1) Output slew rate is verified by design and characterization, and may not be subject to production test.

— — Vorair(AC)

______ —|— - Vir

— —| — - Voudi(AC)

delta TFdiff delta TRdiff

Figure 18. Differential Output Slew Rate Definition

[Table 32] Differential Output Slew Rate

Parameter Symbol
Differential output slew rate SRQdiff 8 18 8 18 8 18 8 18 8 18 8 18 8 18 Vins
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: Differential Signals
For Ron = RZQ/7 setting

33
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11.6 Single-ended AC & DC Output Levels of Connectivity Test Mode

Following output parameters will be applied for DDR4 SDRAM Output Signal during Connectivity Test Mode.

[Table 33] Single-ended AC & DC Output Levels of Connectivity Test Mode
DDR4-1600/1866/2133/2400/2666/2933/ U

Symbol Parameter 3200 nit Notes
Vor(oc) DC output high measurement level (for IV curve linearity) 1.1 xvDDQ \Y

Vomoc) DC output mid measurement level (for IV curve linearity) 0.8 x VDDQ \Y

VoL(pc) DC output low measurement level (for IV curve linearity) 0.5x vDDQ \

Vos(pc) DC output below measurement level (for IV curve linearity) 0.2 x vDDQ \

VoHnc) AC output high measurement level (for output SR) VTT + (0.1 x VDDQ) \Y; 1
Vovac) AC output below measurement level (for output SR) VTT - (0.1 x VDDQ) \ 1

NOTE :

1) The effective test load is 50Q terminated by VTT = 0.5 * VDDQ.

VOHAC) ~—§g — — — — — — — — — — — — — — — -

VIT - N — — — — — — — — — — — - 05*VvDDQ

VOLAC) = T — — W\ — — — — — — — -

TF_output CT TR_output_ CT

Figure 19. Output Slew Rate Definition of Connectivity Test Mode

[Table 34] Single-ended Output Slew Rate of Connectivity Test Mode

DDR4-1600/1866/2133/2400/2666/2933/3200‘ 0
- Un

Parameter i Notes
Max ‘
Output signal Falling time TF_output_CT - 10 ns/\V
Output signal Rising time TR output_ CT - 10 ns/\V
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11.7 Test Load for Connectivity Test Mode Timing
The reference load for ODT timings is defined in Figure 20.

Vopa
DQ, DM
DQSL_t, DQSL_¢
DQSU t, DQSU ¢
CT_INPUTS DQS_t,DAS ¢
EEm—— DUT 0.5*VDDQ
Rterm = 50 ochm
Vssa
Timing Reference Points
Figure 20. Connectivity Test Mode Timing Reference Load
35
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12. SPEED BIN

[Table 35] DDR4-1600 Speed Bins and Operations

Speed Bin DDR4-1600
CL-nRCD-nRP 11-11-11
Parameter ‘
. 13.75 14
Internal read command to first data tAA 18.00 ns 12
(13.50)2:12)
Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 2nCK | tAA(max) +2nCK ns 12
. . . 13.75 4
ACT to internal read or write delay time tRCD - ns 12
(13.50)%)12)
14)
PRE command period tRP 13.75 - ns 12
(13.50)2:12)
ACT to PRE command period tRAS 35 9 x tREFI ns 12
, 48.75 149
ACT to ACT or REF command period tRC - ns 12
(48.50)%)12)
Normal Read DBI
cL=11 1.5
CL=9 ] 5)12) tCK(AVG) 1.6 ns 1,2,3,4,11,17
CwL=9 (Optional) *» (Optional))12),14)
CL=10 CL=12 tCK(AVG) Reserved ns 1,2,3,4,17
CL=10 CL=12 tCK(AVG) Reserved ns 1,234
CWL =9,11 CL=11 CL=13 tCK(AVG) 1.25 <15 ns 1,2,3,4
CL=12 CL=14 tCK(AVG) 1.25 <15 ns 1,2,3
Supported CL Settings (9),11,12 nCK 13,14
Supported CL Settings with read DBI (11),13,14 nCK 13
Supported CWL Settings 9,11 nCK
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[Table 36] DDR4-1866 Speed Bins and Operations

Speed Bin DDR4-1866
CL-nRCD-nRP 13-13-13
Parameter
, 13.92™4)
Internal read command to first data tAA 18.00 ns 12
(13.50)%»12)
Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 2nCK tAA(max) +2nCK ns 12
. . . 13.92'4)
ACT to internal read or write delay time tRCD - ns 12
(13.50)%»12)
14)
PRE command period tRP 13.92 - ns 12
(13.50)%112)
ACT to PRE command period tRAS 34 9 x tREFI ns 12
. 47.92'4)
ACT to ACT or REF command period tRC - ns 12
(47.50)%112)
Normal Read DBI
CL =11 1.5
CL=9 j 5)12) tCK(AVG) 1.6 ns 1,2,3,4,6,11
CWL=9 (Optional) °» (Optional)®)12).14)
CL=10 CL=12 tCK(AVG) Reserved ns 1,2,3,4,6,11
CL=10 CL=12 tCK(AVG) Reserved ns 4
1.25 ‘ <15
CWL = 9,11 CL=11 CL=13 tCK(AVG) ns 1,2,3,4,6
(Optional)®)12)
CL=12 CL=14 tCK(AVG) 1.25 ‘ <1.5 ns 1,2,3,6
CL=12 CL=14 tCK(AVG) Reserved ns 1,2,3,4
CWL =10,12 CL=13 CL=15 tCK(AVG) 1.071 <1.25 ns 1,2,3,4
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns 1,2,3
Supported CL Settings (9),(11),12,13,14 nCK 13,14
Supported CL Settings with read DBI (11),(13),14,15,16 nCK 13
Supported CWL Settings 9,10,11,12 nCK
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[Table 37] DDR4-2133 Speed Bins and Operations

Speed Bin DDR4-2133
CL-nRCD-nRP 15-15-15
Parameter
. 14.06™
Internal read command to first data tAA 18.00 ns 12
(13.50)912)
Internal read command to first data with read DBI tAA_DBI tAA(min) + 3nCK tAA(max) + 3nCK ns 12
enabled
. . . 14.06™)
ACT to internal read or write delay time tRCD - ns 12
(13.50)°112)
14)
PRE command period tRP 14.06 - ns 12
(13.50)%112)
ACT to PRE command period tRAS 33 9 x tREFI ns 12
. 47.06™
ACT to ACT or REF command period tRC - ns 12
(46.50)%112)
Normal Read DBI
CL =11 1.5
CL=9 ] 5)12) tCK(AVG) 1.6 ns 1,2,3,4,7,11
CWL=9 (Optional) > (Optional)5).12).14)
CL=10 CL=12 tCK(AVG) Reserved ns 1,2,3,11
1.25 <1.5
CL=11 CL=13 tCK(AVG) ns 1,2,3,4,7
CWL = 9,11 (Optional)®)»12)
CL=12 CL=14 tCK(AVG) 1.25 <15 ns 1,2,3,7
1.071 <1.25
CL=13 CL=15 tCK(AVG) ns 1,2,3,4,7
CWL = 10,12 (Optional)®»12)
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns 1,2,3,7
CL=14 CL=17 tCK(AVG) Reserved ns 1,2,3,4
CWL =11,14 CL=15 CL=18 tCK(AVG) 0.937 <1.071 ns 1,2,3,4
CL=16 CL=19 tCK(AVG) 0.937 <1.071 ns 1,2,3
Supported CL Settings (9),(11), 12,(13),14,15,16 nCK 13,14
Supported CL Settings with read DBI (11),(13),14,(15),16,18,19 nCK 13
Supported CWL Settings 9,10,11,12,14 nCK
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[Table 38] DDR4-2400 Speed Bins and Operations

Speed Bin DDR4-2400
CL-nRCD-nRP 171717 Unit NOTE
Parameter
) 14.16
Internal read command to first data tAA 5) 12 18.00 ns 12
(13.75)%12)
Internal read command to first data with read DBI {AA_DBI {AA(min) + 3nCK {AA(max) + 3nCK ns 12
enabled
. . ) 14.16
ACT to internal read or write delay time tRCD 5) 12 - ns 12
(13.75)%12)
PRE command period tRP 14.16 ns 12
P (13.75)5112)
ACT to PRE command period tRAS 32 9 x tREFI ns 12
. 46.16
ACT to ACT or REF command period tRC 5) 12 - ns 12
(45.75)%12)
Normal Read DBI
CL=9 cL=11 {CK(AVG) R d 1,2,3,4,11
= eserve ns 2,3,4,
CWL=9 (Optional) 9-12)
CL=10 CL=12 tCK(AVG) 15 ‘ 1.6 ns 1,2,3,4,11
CL=10 CL=12 tCK(AVG) Reserved ns 4
1.25 ‘ <15
CWL = 9,11 CL=11 CL=13 tCK(AVG) ns 1,2,3,4,8
(Optional)®)»12)
CL=12 CL=14 tCK(AVG) 1.25 ‘ <1.5 ns 1,2,3,8
CL=12 CL=14 tCK(AVG) Reserved ns 4
1.071 ‘ <1.25
CWL =10,12 CL=13 CL=15 tCK(AVG) ns 1,2,3,4,8
(Optional)®»12)
CL=14 CL=16 tCK(AVG) 1.071 ‘ <1.25 ns 1,2,3,8
CL=14 CL=17 tCK(AVG) Reserved ns 4
0.937 ‘ <1.071
CWL =11,14 CL=15 CL=18 tCK(AVG) ns 1,2,3,4,8
(Optional)®»12)
CL=16 CL=19 tCK(AVG) 0.937 ‘ <1.071 ns 1,2,3,8
CL=15 CL=18 tCK(AVG) Reserved ns 1,2,3,4
CL=16 CL=19 tCK(AVG) Reserved ns 1,2,3,4
CWL =12,16
CL=17 CL=20 tCK(AVG) 0.833 <0.937 ns 1,2,3,4
CL=18 CL=21 tCK(AVG) 0.833 <0.937 ns 1,2,3
Supported CL Settings 10,(11),12,(13),14,(15),16,17,18 nCK 13
Supported CL Settings with read DBI 12,(13),14,(15),16,(18),19,20,21 nCK 13
Supported CWL Settings 9,10,11,12,14,16 nCK
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[Table 39] DDR4-2666 Speed Bins and Operations

Speed Bin DDR4-2666
CL-nRCD-nRP 19-19-19
Parameter
) 14.25
Internal read command to first data tAA 5) 12 18.00 ns 12
(13.75)%12)
Internal read command to first data with read DBI {AA_DBI {AA(min) + 3nCK {AA(max) + 3nCK ns 12
enabled
. . ) 14.25
ACT to internal read or write delay time tRCD 5) 12 - ns 12
(13.75)%12)
PRE command period tRP 14.25 ns 12
P (13.75)5112)
ACT to PRE command period tRAS 32 9 x tREFI ns 12
. 46.25
ACT to ACT or REF command period tRC 5) 12 - ns 12
(45.75)%12)
Normal Read DBI
CL=9 CL=11 tCK(AVG) Reserved ns 123,491
CWL=9 1
CL=10 CL=12 tCK(AVG) 1.5 ‘ 1.6 ns 1,2,3,9,11
CL=10 CL=12 tCK(AVG) Reserved ns 4
1.25 ‘ <15
CWL =9,11 CL=11 CL=13 tCK(AVG) ns 1,2,3,4,9
(Optional)®»12)
CL=12 CL=14 tCK(AVG) 1.25 ‘ <1.5 ns 1,2,3,9
CL=12 CL=14 tCK(AVG) Reserved ns 4
1.071 ‘ <1.25
CWL =10,12 CL=13 CL=15 tCK(AVG) ns 1,2,3,4,9
(Optional)®)»12)
CL=14 CL=16 tCK(AVG) 1.071 ‘ <1.25 ns 1,2,3,9
CL=14 CL=17 tCK(AVG) Reserved ns 4
0.937 ‘ <1.071
CWL=11,14 CL=15 CL=18 tCK(AVG) ns 1,2,3,4,9
(Optional)®»12)
CL=16 CL=19 tCK(AVG) 0.937 ‘ <1.071 ns 1,2,3,9
CL=15 CL=18 tCK(AVG) Reserved ns 4
CL=16 CL=19 tCK(AVG) Reserved ns 1,2,3,4,9
CWL =12,16 0.833 ‘ <0.937 1,2,3,4,9
CL=17 CL=20 tCK(AVG) ns
(Optional)®»12) 1,2,3,4,9
CL=18 CL=21 tCK(AVG) 0.833 ‘ <0.937 ns 1,2,3,9
CL=17 CL=20 tCK(AVG) Reserved ns 1,2,3,4
CL=18 CL=21 tCK(AVG) Reserved ns 1,2,3,4
CWL = 14,18
CL=19 CL=22 tCK(AVG) 0.75 <0.833 ns 1,2,34
CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns 1,2,3
Supported CL Settings 10,(11),12,(13),14,(15),16,(17),18,19,20 nCK 13
Supported CL Settings with read DBI 12,(13),14,(15),17,(18),19,(20),21,22,23 nCK 13
Supported CWL Settings 9,10,11,12,14,16,18 nCK
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[Table 40] DDR4-2933 Speed Bins and Operations

Speed Bin DDR4-2933
CL-nRCD-nRP 21-21-21
Parameter
) 14.32
Internal read command to first data tAA 5) 12 18.00 ns 12
(13.75)%12)
Internal read command to first data with read DBI {AA_DBI {AA(min) + 4nCK {AA(max) + 4nCK ns 12
enabled
. . ) 14.32
ACT to internal read or write delay time tRCD 5) 12 - ns 12
(13.75)%12)
PRE command period tRP 14.32 ns 12
P (13.75)5112)
ACT to PRE command period tRAS 32 9 x tREFI ns 12
. 46.32
ACT to ACT or REF command period tRC 5) 12 - ns 12
(45.75)%112)
Normal Read DBI
CL=9 CL=11 tCK(AVG) Reserved ns 12341,
CWL=9 15
CL=10 CL=12 tCK(AVG) 1.5 ‘ 1.6 ns 1,2,3,11,15
CL=10 CL=12 tCK(AVG) Reserved ns 4
1.25 ‘ <15
CWL =9,11 CL=11 CL=13 tCK(AVG) ns 15
(Optional)®»12)
CL=12 CL=14 tCK(AVG) 1.25 ‘ <1.5 ns 1,2,3,15
CL=12 CL=14 tCK(AVG) Reserved ns 4
1.071 ‘ <1.25
CWL =10,12 CL=13 CL=15 tCK(AVG) ns 1,2,3,4,15
(Optional)®»12)
CL=14 CL=16 tCK(AVG) 1.071 ‘ <1.25 ns 1,2,3,15
CL=14 CL=17 tCK(AVG) Reserved ns 4
0.937 ‘ <1.071
CWL=11,14 CL=15 CL=18 tCK(AVG) ns 1,2,3,4,15
(Optional)®»12)
CL=16 CL=19 tCK(AVG) 0.937 ‘ <1.071 ns 1,2,3,15
CL=15 CL=18 tCK(AVG) Reserved ns 4
CL=16 CL=19 tCK(AVG) Reserved ns 1,2,3,4,15
CWL =12,16 0.833 ‘ <0.937 1,2,3,4,15
CL=17 CL=20 tCK(AVG) ns
(Optional) 912 1,2,3,4,15
CL=18 CL=21 tCK(AVG) 0.833 ‘ <0.937 ns 1,2,3,15
CL=17 CL=20 tCK(AVG) Reserved ns 4
CL=18 CL=21 tCK(AVG) Reserved ns 1,2,3,4,15
CWL=14.,18 0.75 ‘ <0.833 ns
CL=19 CL=22 tCK(AVG) 1,2,3,4,15
- (Optional)®12) ns
CL=20 CL=23 tCK(AVG) 0.75 ‘ <0.833 ns 1,2,3,15
CL=19 CL=23 tCK(AVG) Reserved ns 1,2,3,4
CL=20 CL=24 tCK(AVG) Reserved ns 1,2,3,4
CWL =16, 20
CL=21 CL=25 tCK(AVG) 0.682 <0.75 ns 1,2,3,4
CL=22 CL=26 tCK(AVG) 0.682 <0.75 ns 1,2,3
Supported CL Settings 10,(11),12,(13),14,(15),16,(17),18,(19),20,21,22 nCK 13
Supported CL Settings with read DBI 12,(13),14,(15),16,(18),19,(20),21,(22),23,25,26 nCK 13
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK
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[Table 41] DDR4-3200 Speed Bins and Operations

Speed Bin DDR4-3200
CL-nRCD-nRP 22-22-22 Unit NOTE
Parameter in. ‘
Internal read command to first data tAA 13.75 18.00 ns 12
Internal read command to first data with read DBI enabled tAA_DBI tAA(min) + 4nCK tAA(max) + 4nCK ns 12
ACT to internal read or write delay time tRCD 13.75 - ns 12
PRE command period tRP 13.75 - ns 12
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 45.75 - ns 12
Normal Read DBI
cWL=9 CL=9 CL=11 tCK(AVG) Reserved ns 1’2’?;‘14‘10‘
CL=10 CL=12 tCK(AVG) 1.5 1.6 ns 1,2,3,10,11
CL=10 CL=12 tCK(AVG) Reserved ns 4
CWL = 9,11 CL=11 CL=13 tCK(AVG) 1.25 <15 ns 1,2,3,4,10
CL=12 CL=14 tCK(AVG) 1.25 <15 ns 1,2,3,10
CL=12 CL=14 tCK(AVG) Reserved ns 1,2,3,4
CWL =10,12 CL=13 CL=15 tCK(AVG) 1.071 <1.25 ns 1,2,3,4,10
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns 1,2,3,10
CL=14 CL=17 tCK(AVG) Reserved ns 4
CWL =11,14 CL=15 CL=18 tCK(AVG) 0.937 <1.071 ns 1,2,3,4,10
CL=16 CL=19 tCK(AVG) 0.937 <1.071 ns 1,2,3,10
CL=15 CL=18 tCK(AVG) Reserved ns 4
CWL = 12,16 CL=16 CL=19 tCK(AVG) Reserved ns 1,2,3,4,10
CL=17 CL=20 tCK(AVG) 0.833 <0.937 ns 1,2,3,4,10
CL=18 CL=21 tCK(AVG) 0.833 <0.937 ns 1,2,3,10
CL=17 CL=20 tCK(AVG) Reserved ns 4
CWL = 14.18 CL=18 CL=21 tCK(AVG) Reserved ns 1,2,3,4,10
CL=19 CL=22 tCK(AVG) 0.75 <0.833 ns 1,2,3,4,10
CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns 1,2,3,10
CL=20 CL=24 tCK(AVG) Reserved ns 1,2,3,4,10
CWL = 16, 20 CL=21 CL=25 tCK(AVG) 0.682 <0.75 ns 1,2,3,4,10
CL=22 CL=26 tCK(AVG) 0.682 <0.75 ns 1,2,3,10
CL=24 CL=28 tCK(AVG) 0.682 <0.75 ns 1,2,3,10
CL=20 CL=24 tCK(AVG) Reserved ns 1,2,3,4
CWL = 16,20 CL=22 CL=26 tCK(AVG) 0.625 <0.682 ns 1,2,3,4
CL=24 CL=28 tCK(AVG) 0.625 <0.682 ns 1,2,3
Supported CL Settings 10,11,12,13,14,15,16,17,18,19,20,21,22,24 nCK
Supported CL Settings with read DBI 12,13,14,15,16,18,19,20,21,22,23,25,26,28 nCK
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK
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12.1 Speed Bin Table Note

Absolute Specification

-VvDDQ = VDD =1.20V +/- 0.06 V

- VPP = 2.5V +0.25/-0.125 V

- The values defined with above-mentioned table are DLL ON case.

- DDR4-1600, 1866, 2133 and 2400 Speed Bin Tables are valid only when Geardown Mode is disabled.

1) The CL setting and CWL setting result in tCK(avg).MIN and tCK(avg).MAX requirements. When making a selection of tCK(avg), both need to be fulfilled: Requirements from
CL setting as well as requirements from CWL setting.

2) tCK(avg).MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - all possible intermediate frequencies may not be guar-
anteed. CL in clock cycle is calculated from tAA following rounding algorithm defined in Section 13.5.

3) tCK(avg).MAX limits: Calculate tCK(avg) = tAA.MAX / CL SELECTED and round the resulting tCK(avg) down to the next valid speed bin (i.e. 1.5ns or 1.25ns or 1.071ns or
0.937ns or 0.833ns). This result is tCK(avg).MAX corresponding to CL SELECTED.

4) ‘Reserved’ settings are not allowed. User must program a different value.

5) 'Optional’ settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. Any combination of the ‘optional’ CL’s is supported. The
associated ‘optional’ tAA, tRCD, tRP, and tRC values must be adjusted based upon the CL combination supported. Refer to supplier's data sheet and/or the DIMM SPD
information if and how this setting is supported.

6) Any DDR4-1866 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.
7) Any DDR4-2133 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.

8) Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/
Characterization.

9) Any DDR4-2666 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/
Characterization.

10) Any DDR4-3200 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/
Characterization.

11) DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

12) Parameters apply from tCK(avg) min to tCK(avg) max at all standard JEDEC clock period values as stated in the Speed Bin Tables.

13) CL number in parentheses, it means that these numbers are optional.

14) DDR4 SDRAM supports CL=9 as long as a system meets tAA(min), tRCD(min), tRP(min), and tRC(min).

15) Any DDR4-2933 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/
Characterization.

16) Each speed bin lists the timing requirements that need to be supported in order for a given DRAM to be JEDEC compliant. JEDEC compliance does not require support for
all speed bins within a given speed. JEDEC compliance requires meeting the parameters for a least one of the listed speed bins.

17) Any DDR4-1600 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to Production Tests but verified by Design/

Characterization.

©2021 SMART Modular - Confidential 43



— ®
— SMART SMS4WEC8C2J2446SAG

Modular Technologies Jul 22, 2021

13. IDD AND IDDQ SPECIFICATION PARAMETERS AND TEST
CONDITIONS

13.1 IDD, IPP and IDDQ Measurement Conditions

In this chapter, IDD, IPP and IDDQ measurement conditions such as test load and patterns are defined. Figure 21 shows the setup and test load for IDD,
IPP and IDDQ measurements.

+ IDD currents (such as IDDO, IDDOA, IDD1, IDD1A, IDD2N, IDD2NA, IDD2NL, IDD2NT, IDD2P, IDD2Q, IDD3N, IDD3NA, IDD3P, IDD4R, IDD4RA,
IDD4W, IDD4WA, IDD5B, IDD5F2, IDD5F4, IDD6N, IDD6E, IDD6R, IDD6A, IDD7 and IDD8) are measured as time-averaged currents with all VDD
balls of the DDR4 SDRAM under test tied together. Any IPP or IDDQ current is not included in IDD currents.

« IPP currents have the same definition as IDD except that the current on the VPP supply is measured.

« IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all VDDQ balls of the DDR4 SDRAM under testtied
together. Any IDD current is not included in IDDQ currents.

Attention: IDDQ values cannot be directly used to calculate 10 power of the DDR4 SDRAM. They can be used to support correlation of simulated 10
power to actual IO power as outlined in Figure 22. In DRAM module application, IDDQ cannot be measured separately since VDD and VDDQ are
using one merged-power layer in Module PCB.

For IDD, IPP and IDDQ measurements, the following definitions apply:

*“0” and “LOW” is defined as VIN <= VILAC(max).

*“1” and “HIGH” is defined as VIN >= VIHAC(min).

* “MID-LEVEL” is defined as inputs are VREF = VDD / 2.

* Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns are provided in Table42.

« Basic IDD, IPP and IDDQ Measurement Conditions are described in Table 44.

« Detailed IDD, IPP and IDDQ Measurement-Loop Patterns are described in Table 45 through Table 52.

» IDD Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not limited to setting

RON = RzZQ/7 (34 Ohm in MR1);

RTT_NOM = RZQ/6 (40 Ohm in MR1);

RTT_WR = RZQ/2 (120 Ohm in MR2);

RTT_PARK = Disable;

Qoff = Og (Output Buffer enabled) in MR1;

TDQS_t disabled in MR1;

CRC disabled in MR2;

CA parity feature disabled in MR5;

Gear down mode disabled in MR3

Read/Write DBI disabled in MR5;

DM disabled in MR5

« Attention: The IDD, IPP and IDDQ Measurement-Loop Patterns need to be executed at least one time before actual IDD or IDDQ measurement is
started.

* Define D = {CS_n, ACT_n, RAS_n, CAS_n, WE_n} := {HIGH, LOW, LOW, LOW, LOW} ; apply BG/BA changes when directed.
* Define D# = {CS_n, ACT_n, RAS_n, CAS_n, WE_n} := {HIGH, HIGH, HIGH, HIGH, HIGH} ;apply invert of BG/BA changes when directed above.
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Figure 21. Measurement Setup and Test Load for IDD, IPP and IDDQ Measurements

NOTE :

1) DIMM level Output test load condition may be different from above.
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Figure 22. Correlation from simulated Channel 10 Power to actual Channel 10 Power supported by IDDQ Measurement.
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[Table 42] Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns

DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 ‘ DDR4-2666 DDR4-2933 DDR4-3200‘

11-11-11 1343413 1541545 17-17-17 | 19-19-19  21-21-21 222222 |
tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns
cL 11 13 15 17 19 21 22 nCK
CWL 11 12 14 16 18 20 20 nCK
nRCD 11 13 15 17 19 21 22 nCK
nRC 39 45 51 56 62 68 74 nCK
NRAS 28 32 36 39 43 47 52 nCK
nRP 11 13 15 17 19 21 22 nCK
x4 16 16 16 16 16 16 16 nCK
nFAW
x8 20 22 23 26 28 31 34 nCK
x4 4 4 4 4 4 4 4 nCK
nRRDS
x8 4 4 4 4 4 4 4 nCK
x4 5 5 6 6 7 8 8 nCK
nRRDL
x8 5 5 6 6 7 8 8 nCK
tCCD_S 4 4 4 4 4 4 4 nCK
tCCD_L 5 5 6 6 7 8 8 nCK
tWTR_S 2 3 3 3 4 4 4 nCK
tWTR_L 6 7 8 9 10 11 12 nCK
nRFC 16Gb 440 514 587 661 734 807 880 nCK
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[Table 43] Basic IDD, IPP and IDDQ Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current (AL=0)
CKE: High; External clock: On; tCK, nRC, nRAS, CL: see Table 42; BL: 8"; AL: 0; CS_n: High between ACT and PRE; Command,
IDDO Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 44; Data 10: VDDQ; DM_n: stable at 1;
Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see Table 44); Output Buffer and RTT: Enabled in Mode Regis-
ters?); ODT Signal: stable at 0; Pattern Details: see Table 44
IDDOA Operating One Bank Active-Precharge Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD0
IPPO Operating One Bank Active-Precharge IPP Current
Same condition with IDD0
Operating One Bank Active-Read-Precharge Current (AL=0)
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see Table 42; BL: 8"; AL: 0; CS_n: High between ACT, RD and PRE;
IDD1 Command, Address, Bank Group Address, Bank Address Inputs, Data 10: partially toggling according to Table 45; DM_n: stable at 1;
Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see Table 45); Output Buffer and RTT: Enabled in Mode Regis-
ters?); ODT Signal: stable at 0; Pattern Details: see Table 45
IDD1A Operating One Bank Active-Read-Precharge Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD1
IPP1 Operating One Bank Active-Read-Precharge IPP Current
Same condition with IDD1
Precharge Standby Current (AL=0)
IDD2N CKE: High; External clock: On; tCK, CL: see Table 30; BL: 8"; AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address,
Bank Address Inputs: partially toggling according to Table 46; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks closed; Out-
put Buffer and RTT: Enabled in Mode Registers?); ODT Signal: stable at 0; Pattern Details: see Table 46
IDD2NA Precharge Standby Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD2N
IPP2N Precharge Standby IPP Current
Same condition with IDD2N
Precharge Standby ODT Current
IDD2NT CKE: High; External clock: On; tCK, CL: see Table 30; BL: 8"); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address,
Bank Address Inputs: partially toggling according to Table 47; Data 10: VSSQ; DM_n: stable at 1; Bank Activity: all banks closed; Out-|
put Buffer and RTT: Enabled in Mode Registers?); ODT Signal: toggling according to Table 47; Pattern Details: see Table 47
IDDQ2NT | Precharge Standby ODT IDDQ Current
(Optional) | Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current
IDD2NL Precharge Standby Current with CAL enabled
Same definition like for IDD2N, CAL enabled®
IDD2NG Precharge Standby Current with Gear Down mode enabled
Same definition like for IDD2N, Gear Down mode enabled®)-%)
IDD2ND Precharge Standby Current with DLL disabled
Same definition like for IDD2N, DLL disabled®
IDD2N par Precharge Standby Current with CA parity enabled
—Pa1 Same definition like for IDD2N, CA parity enabled?
Precharge Power-Down Current CKE: Low; External clock: On; tCK, CL: see Table 30; BL: 8" AL: 0; CS_n: stable at 1; Command,
IDD2P Address, Bank Group Address, Bank Address Inputs: stable at 0; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks closed;
Output Buffer and RTT: Enabled in Mode Registers?); ODT Signal: stable at0
IPP2P Precharge Power-Down IPP Current
Same condition with IDD2P
Precharge Quiet Standby Current
IDD2Q CKE: High; External clock: On; tCK, CL: see Table 30; BL: 8"); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address,
Bank Address Inputs: stable at 0; Data 10: VDDQ; DM_n: stable at 1;Bank Activity: all banks closed; Output Buffer and RTT: Enabled
in Mode Registers?); ODT Signal: stable at 0
Active Standby Current
IDD3N CKE: High; External clock: On; tCK, CL: see Table 30; BL: 8"); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address,
Bank Address Inputs: partially toggling according to Table 46; Data 10: VDDQ; DM_n: stable at 1;Bank Activity: all banks open; Output
Buffer and RTT: Enabled in Mode Registers?; ODT Signal: stable at 0; Pattern Details: see Table 46
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Symbol Description

IDD3NA Active Standby Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD3N

Active Standby IPP Current
Same condition with IDD3N

IPP3N

Active Power-Down Current

CKE: Low; External clock: On; tCK, CL: see Table 30; BL: 8"); AL: 0; CS_n: stable at 1; Command, Address, Bank Group Address,
Bank Address Inputs: stable at 0; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks open; Output Buffer and RTT: Enabled
in Mode Registers?); ODT Signal: stable at 0

Active Power-Down IPP Current
Same condition with IDD3P

Operating Burst Read Current

CKE: High; External clock: On; tCK, CL: see Table 30; BL: 82; AL: 0; CS_n: High between RD; Command, Address, Bank Group
Address, Bank Address Inputs: partially toggling according to Table 48; Data 10: seamless read data burst with different data between
one burst and the next one according to Table 48; DM_n: stable at 1; Bank Activity: all banks open, RD commands cycling through banks:
0,0,1,1,2,2,... (see Table 48); Output Buffer and RTT: Enabled in Mode Registers?); ODT Signal: stable at 0; Pattern Details: see
Table 48

Operating Burst Read Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD4R

Operating Burst Read Current with Read DBI
Read DBI enabled?®), Other conditions: see IDD4R

Operating Burst Read IPP Current
Same condition with IDD4R

IDDQ4R | Operating Burst Read IDDQ Current
(Optional) | Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IDDQ4RB | Operating Burst Read IDDQ Current with Read DBI
(Optional) | Same definition like for IDD4RB, however measuring IDDQ current instead of IDD current

IDD3P

IPP3P

IDD4R

IDD4RA

IDD4RB

IPP4R

Operating Burst Write Current
CKE: High; External clock: On; tCK, CL: see Table 30; BL: 8"); AL: 0; CS_n: High between WR; Command, Address, Bank Group
Address, Bank Address Inputs: partially toggling according to Table 49; Data 10: seamless write data burst with different data between

IDD4W one burst and the next one according to Table 49; DM_n: stable at 1; Bank Activity: all banks open, WR commands cycling through banks:
0,0,1,1,2,2,... (see Table 49); Output Buffer and RTT: Enabled in Mode Registers?); ODT Signal: stable at HIGH; Pattern Details: see
Table 49

IDDAWA Operating Burst Write Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD4W

IDDAWB Operating Burst Write Current with Write DBI
Write DBI enabled?, Other conditions: see IDD4W

IDD4WC Operating Burst Write Current with Write CRC
Write CRC enabled?®), Other conditions: see IDD4W

IDD4W par Operating Burst Write Current with CA Parity
—PaTl cA Parity enabled?), Other conditions: see IDD4W
|PPAW Operating Burst Write IPP Current

Same condition with IDD4W

Burst Refresh Current (1X REF)

CKE: High; External clock: On; tCK, CL, nRFC: see Table 30; BL: 8"); AL: 0; CS_n: High between REF; Command, Address, Bank
IDD5B Group Address, Bank Address Inputs: partially toggling according to Table 51; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: REF
command every nRFC (see Table 51); Output Buffer and RTT: Enabled in Mode Registers2); ODT Signal: stable at 0; Pattern Details:
see Table 51

Burst Refresh Write IPP Current (1X REF)

IPPSB Same condition with IDD5B

IDD5F2 Burst Refresh Current (2X REF)
tRFC=tRFC_x2, Other conditions: see IDD5B

IPP5FE2 Burst Refresh Write IPP Current (2X REF)
Same condition with IDD5F2

|DD5F4 Burst Refresh Current (4X REF)
tRFC=tRFC_x4, Other conditions: see IDD5B

IPP5F4 Burst Refresh Write IPP Current (4X REF)

Same condition with IDD5F4
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Symbol Description

Self Refresh Current: Normal Temperature Range

Tcase for CT devices : 0 to 85°C, Tease for IT devices: -40 to 85°C; Low Power Auto Self Refresh (LP ASR) : Normal®); CKE: Low;
IDD6N External clock: Off; CK_tand CK_c#: LOW; CL: see Table 42; BL: 8"); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank
Address, Data 10: High; DM_n: stable at 1; Bank Activity: Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registers?);
ODT Signal: MID-LEVEL

Self Refresh IPP Current: Normal Temperature Range

Same condition with IDD6N

Self-Refresh Current: Extended Temperature Range)

Tcase for CT devices: 0 to 95°C, Tcase for IT devices: -40 to 95°C; Low Power Auto Self Refresh (LP ASR) : Extended?; CKE: Low;
IDD6E External clock: Off; CK_t and CK_c: LOW; CL: see Table 42; BL: 8"); AL: 0; CS_n, Command, Address, Bank Group Address, Bank
Address, Data 10: High; DM_n: stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT:
Enabled in Mode Registers?); ODT Signal: MID-LEVEL

Self Refresh IPP Current: Extended Temperature Range

Same condition with IDD6E

Self-Refresh Current: Reduced Temperature Range

Tcase for CT devices: 0 to 45°C, Tease for IT devices: -40 to 85°C; Low Power Auto Self Refresh (LP ASR) : Reduced®); CKE: Low;
IDD6R External clock: Off; CK_t and CK_c#: LOW; CL: see Table 42; BL: 8"); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank
Address, Data 10: High; DM_n: stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT:
Enabled in Mode Registers?); ODT Signal: MID-LEVEL

Self Refresh IPP Current: Reduced Temperature Range

Same condition with IDD6R

Auto Self-Refresh Current

Tcase for CT devices: 0 to 95°C, Tease for IT devices: -40 to 95°C; Low Power Auto Self Refresh (LP ASR) : Auto®);CKE: Low;
IDD6A External clock: Off; CK_tand CK_c#: LOW; CL: see Table 42; BL: 8"); AL: 0; CS_n#, Command, Address, Bank Group Address, Bank
Address, Data 10: High; DM_n: stable at 1; Bank Activity: Auto Self-Refresh operation; Output Buffer and RTT: Enabled in Mode
Registers?; ODT Signal: MID-LEVEL

Auto Self-Refresh IPP Current

IPP6N

IPPGE

IPP6R

IPPBA Same condition with IDD6A
Operating Bank Interleave Read Current
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Table 30; BL: 8"; AL: CL-1; CS_n: High between ACT

IDD7 and RDA_; Cc_)mmand, Address, Bank Group Address, Bank Addr_ess Inputs: partially toggling according to Table 52; De_\ta IQ: read data
bursts with different data between one burst and the next one according to Table 52; DM_n: stable at 1; Bank Activity: two times interleaved
cycling through banks (0, 1, ...7) with different addressing, see Table 52; Output Buffer and RTT: Enabled in Mode Registers?; ODT
Signal: stable at 0; Pattern Details: see Table 52

IPP7 Operating Bank Interleave Read IPP Current
Same condition with IDD7

IDD8 Maximum Power Down Current
Place DRAM in MPSM

IPP8 Maximum Power Down IPP Current
Same condition with IDD8

NOTE:

1) Burst Length: BL8 fixed by MRS: set MRO[A1:0=00].
2) Output Buffer Enable
- set MR1 [A12 = 0]: Qoff = Output buffer enabled
- set MR1 [A2:1 = 00]: Output Driver Impedance Control = RZQ/7
RTT_Nom enable
- set MR1 [A10:8 = 011]: RTT_NOM = RZQ/6
RTT_WR enable
- set MR2 [A10:9 = 01]: RTT_WR = RZQ/2
RTT_PARK disable
- set MR5 [A8:6 = 000]
3) CAL enabled: set MR4 [A8:6 = 001]: 1600MT/s
010]: 1866MT/s, 2133MT/s
011]: 2400MT/s, 2666MT/s
100]: 2933MT/s, 3200MT/s
Gear Down mode enabled: set MR3 [A3 = 1]: 1/4 Rate
DLL disabled: set MR1 [AO = 0]
CA parity enabled: set MR5 [A2:0 = 001]: 1600MT/s,1866MT/s, 2133MT/s
010]: 2400MT/s, 2666MT/s
011]: 2933MT/s, 3200MT/s
Read DBI enabled: set MR5 [A12 = 1]
Write DBI enabled: set MR5 [A11 = 1]
4) Low Power Array Self Refresh (LP ASR): set MR2 [A7:6 = 00]: Normal
01]: Reduced Temperature range
10]: Extended Temperature range
11]: Auto Self Refresh
5) IDD2NG should be measured after sync pules (NOP) input.
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[Table 44] IDDO, IDDOA and IPP0 Measurement-Loop Pattern 1

o © 7 —
vl &5 E O o :, & 8 0~ =
S = S g S = @ < g <
0 ACT ololoflolo]ololo|lolo|lo|lo]o]of -
1,2 D,D 0 0 0 0 0 0 0 0 0 0 0 0 0 -
ol 34 D # D # 1 {111 ]0|o0o|3®@|3|o0o|lo|o|7|F|]o]| -
repeat pattern 1...4 until nRAS - 1, truncate if necessary
NRAS PRE o | 1]o]1]o]JofJo]lo]JofJo|Jo|]of[o]|o]o] -
repeat pattern 1...4 until nRC - 1, truncate if necessary
1 1"nRC repeat Sub-Loop 0, use BG[1:0]?) = 1, BA[1:0] = 1 instead
2 2*nRC repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 2 instead
3 3*nRC repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 3 instead
|4 4*nRC repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 1 instead
% ':19:: 5 5*nRC repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 2 instead
g § 6 6*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 3 instead
7 7*nRC repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 0 instead
8 8*nRC repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
9 9*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 10*nRC repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
11 11*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and
12 12*nRC repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 1 instead x8 only
13 13*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead
14 14*nRC repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 15*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 0 instead
NOTE :

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don't care for x16 device

3) C[2:0] are used only for 3DS device
4) DQ signals are VDDQ.

©2021 SMART Modular - Confidential

50




§ SMART

Modular Technologies

SMS4WEC8C2J2446SAG

Jul 22, 2021

[Table 45] IDD1, IDD1A and IPP1 Measurement-Loop Pattern®

— -g 2 \uz b — = c - o
o8 G L <z o | =z @ 5 <
s 2 £ AERE g2 =@ 8 3
S 3 £ w 0 ol 0| 3|9 = =
S g S5 = @ < 3 <
0 ACT 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 0 0 0 0 0 0 0 0 0 0 -
3,4 D#, D# 1 1 1 1 1 0 0 3b) 3 0 0 0 F 0 -
repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary
D0=00,
D1=FF
. D2=FF,
nRCD-AL | RD o 1| 1]o|1lofolofo]o|ofofo]o]|o]| D>
D5=00
D6=00,
D7=FF
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE o[ 1]Jo[1]Jo]JoJo]JoJo]JofJo|]of[o]of[o]| -
repeat pattern 1...4 until nRC - 1, truncate if necessary
1*nRC + 0 ACT 0 0 0 1 1 0 0 1 1 0 0 -
1"nRC +1, 2 D,D 1 0 0 0 0 0 0 0 0 0 0 -
1"nRC + 3, 4 D#, D# 1 1 1 1 1 0 0 3b) 3 0 7 F -
repeat pattern nRC + 1...4 until 1*nRC + nRAS - 1, truncate if necessary
DO=FF,
D1=00
1 D2=00,
< 1*nRC + nRCD - D3=FF
()]
g’ 2 AL RD 0 1 1 0 1 0 0 1 1 0 0 0 0 0 0 D4=00,
8|2 D5=FF
|8 D6=FF,
D7=00
repeat pattern 1...4 until nRAS - 1, truncate if necessary
1*nRC + nRAS | PRE o[t JoJ1JoJoJt1[1]JoJoJoJoJo]Jo]o] -
repeat nRC + 1...4 until 2*nRC - 1, truncate if necessary
2 2*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
3 3*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 3 instead
4 4*nRC repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 1 instead
5 5*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 2 instead
6 6*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 3 instead
8 7*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 0 instead
9 9*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 0 instead
10 10*nRC repeat Sub-Loop 0, use BG[1:0]?) = 3, BA[1:0] = 1 instead
1 11*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 2 instead
12 12*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and x8
13 13*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 1 instead only
14 14*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead
15 15*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 3 instead
16 16*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ.

BG1 is don’t care for x16 device.

2)
3) C[2:0] are used only for 3DS device.
4)

Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.

©2021 SMART Modular -

Confidential

51



——— ®
— SMART SMS4WEC8C2J2446SAG

Modular Technologies Jul 22, 2021

[Table 46] IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2,IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern™)

© B - =
;52 2 2w g8 ¢ E %
o (&) <
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 0
3 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 0
1|47 repeat Sub-Loop 0, use BG[1:0]?) = 1, BA[1:0] = 1 instead
2 |81 repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 2 instead
3 | 1215 repeat Sub-Loop 0, use BG[1:0]2 = 1, BA[1:0] = 3 instead
4 116-19 repeat Sub-Loop 0, use BG[1:0]) = 0, BA[1:0] = 1 instead
o5 5 |20-23 repeat Sub-Loop 0, use BG[1:0]?) = 1, BA[1:0] = 2 instead
%, E 6 | 24-27 repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 3 instead
g g 7 | 28-31 repeat Sub-Loop 0, use BG[1:0]?) = 1, BA[1:0] = 0 instead
8 |32-35 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 0 instead
9 | 36-39 repeat Sub-Loop 0, use BG[1:0]?) = 3, BA[1:0] = 1 instead
10 | 40-43 repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 2 instead
11| 44-47 repeat Sub-Loop 0, use BG[1:0]?) = 3, BA[1:0] = 3 instead
12| 48-51 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 1 instead
13 | 52-55 repeat Sub-Loop 0, use BG[1:0]2 = 3, BA[1:0] = 2 instead
14| 56-59 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 3 instead
15| 60-63 repeat Sub-Loop 0, use BG[1:0]?) = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don't care for x16 device.

3) C[2:0] are used only for 3DS device.
4) DQ signals are VDDQ.
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[Table 47] IDD2NT and IDDQ2NT Measurement-Loop Pattern’

. © = o b = c < a
298 S < < < 5 O o <
SE £ s 5 % = a = Z
623 E B BT Q s
o é s = (1] <« < <
0 bbb |1 |lof]oflofloflo[oflo[]o|[o[]o|]of[o|[o]of -
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0
2 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 -
3 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 -
1147 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]?) = 1, BA[1:0] = 1 instead
2 | 8-11 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 0, BA[1:0] = 2 instead
311215 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 1, BA[1:0] = 3 instead
4 16-19 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 0, BA[1:0] = 1 instead
5|5 20-23 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 1, BA[1:0] = 2 instead
k= 2) [
5|6 | 62427 repeat Sub-Loop 0, but ODT =0 and BG[1:0]?) = 0, BA[1:0] = 3 instead
()] =
L % 7 |28-31 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 1, BA[1:0] = 0 instead
8 | 32-35 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 2, BA[1:0] = 0 instead
9 | 36-39 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 3, BA[1:0] = 1 instead
10| 40-43 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 2, BA[1:0] = 2 instead
11 | 44-47 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 3 instead For x4 and x8
12 | 48-51 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]?) = 2, BA[1:0] = 1 instead only
13 | 52-55 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 3, BA[1:0] = 2 instead
14 | 56-59 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 60-63 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don’t care for x16 device.

3) C[2:0] are used only for 3DS device.
4) DQ signals are VDDQ.
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[Table 48] IDD4R, IDDR4RA, IDD4RB and IDDQ4R Measurement-Loop Pattern™

k-] c -
] 3 % QI S &
SE E a 2% 3
O S g § = =
= o < g <
D0=00,
D1=FF
D2=FF
D3=00
0 RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 D4=FF,
0 D5=00
D6=00,
D7=FF
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
2,3 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 -
DO=FF,
D1=00
D2=00,
D3=FF
4 RD 0 1 1 0 1 0 0 1 1 0 0 0 7 F 0 D4=00,
1 D5=FF
D6=FF,
D7=00
- 5 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
g % 6,7 D#, D# 1 1 1 1 1 0 0 32 3 0 0 0 7 F 0 -
D | O
S8 | 2811 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 2 instead
n
3 11215 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 3 instead
4 116-19 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead
5 | 20-23 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 2 instead
6 | 24-27 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 3 instead
7 | 28-31 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 0 instead
8 |32-35 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 0 instead
9 | 36-39 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 1 instead
10 | 40-43 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 2 instead
11| 44-47 repeat Sub-Loop 1, use BG[1:0]% = 3, BA[1:0] = 3 instead For x4 and x8
12 | 48-51 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 1 instead only
13 | 52-55 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 2 instead
14 | 56-59 repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 3 instead
15 | 60-63 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ.
2) BG1 is don't care for x16 device.

3) C[2:0] are used only for 3DS device.

4) Burst Sequence driven on each DQ signal by Read Command.
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[Table 49] IDD4W, IDD4WA, IDD4WB and IDD4W_par Measurement-Loop Pattern®

k-] c -
] 3 % QI S &
S E £ m 2 3
O S g § = =
= o < g <
D0=00,
D1=FF
D2=FF,
D3=00
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 D4=FF,
0 D5=00
D6=00,
D7=FF
1 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
2,3 D#, D# 1 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
DO=FF,
D1=00
D2=00,
D3=FF
4 WR 0 1 1 0 0 1 0 1 1 0 0 0 7 F 0 D4=00,
1 D5=FF
D6=FF,
D7=00
- 5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
g % 6,7 D#, D# 1 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D | O
S8 | 2811 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 2 instead
n
3 11215 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 3 instead
4 116-19 repeat Sub-Loop 0, use BG[1:0]2) = 0, BA[1:0] = 1 instead
5 | 20-23 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 2 instead
6 | 24-27 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 3 instead
7 | 28-31 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 0 instead
8 | 32-35 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 0 instead
9 | 36-39 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 1 instead
10 | 40-43 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 2 instead
11| 44-47 repeat Sub-Loop 1, use BG[1:0]% = 3, BA[1:0] = 3 instead For x4 and x8
12 | 48-51 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 1 instead only
13 | 52-55 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 2 instead
14 | 56-59 repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 3 instead
15 | 60-63 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are used according to WR Commands, otherwise VDDQ.
2) BG1 is don't care for x16 device.

3) C[2:0] are used only for 3DS device.

4) Burst Sequence driven on each DQ signal by Write Command.
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[Table 50] IDD4AWC Measurement-Loop Pattern®

° c =
] 3 % ol S &
SE £ a 2% 3
O S g § = =
= o < T <
D0=00,
D1=FF
D2=FF,
D3=00
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 D4=FF,
D5=00
D6=00,
D7=FF
D8=CRC
1,2 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
0 3,4 D#, D# 1 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
DO=FF,
D1=00
D2=00,
D3=FF
5 WR 0 1 1 0 0 1 0 1 1 0 0 0 7 F 0 D4=00,
D5=FF
D6=FF,
D7=00
D8=CRC
=) '5) 6,7 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
£ |
S8 8,9 D#, D# 1 1 1 1 1 1 0 32) 3 0 0 0 7 F 0 -
[} ©
@2 10-14 repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
3| 15-19 repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
4 | 20-24 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 1 instead
5 | 25-29 repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 2 instead
6 | 30-34 repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 3 instead
7 | 35-39 repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 0 instead
8 | 40-44 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 0 instead
9 | 45-49 repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 1 instead
10| 50-54 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 2 instead
11| 55-59 repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and x8
12| 60-64 repeat Sub-Loop 0, use BG[1:0]?) = 2, BA[1:0] = 1 instead only
13| 65-69 repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 2 instead
14| 70-74 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15| 75-79 repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 0 instead

NOTE :

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don't care for x16 device.

3) C[2:0] are used only for 3DS device.

4) Burst Sequence driven on each DQ signal by Write Command.
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[Table 51] IDD5B Measurement-Loop Pattern”)

=3 - g S 0 I = — < E o
S e g £ 2§ 28
0|0 REF 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 -
4 D#, D# 1 1 1 1 1 0 0 32) 3 0 0 0 7 F 0 -
4-7 repeat pattern 1...4, use BG[1:0]? = 1, BA[1:0] = 1 instead
8-11 repeat pattern 1...4, use BG[1:0]% = 0, BA[1:0] = 2 instead
12-15 repeat pattern 1...4, use BG[1:0]? = 1, BA[1:0] = 3 instead
16-19 repeat pattern 1...4, use BG[1:0]% = 0, BA[1:0] = 1 instead
o |5 20-23 repeat pattern 1...4, use BG[1:0]? = 1, BA[1:0] = 2 instead
%, (I:) 1| 24-27 repeat pattern 1...4, use BG[1:0]% = 0, BA[1:0] = 3 instead
g g 28-31 repeat pattern 1...4, use BG[1:0]% = 1, BA[1:0] = 0 instead
32-35 repeat pattern 1...4, use BG[1:0]? = 2, BA[1:0] = 0 instead
36-39 repeat pattern 1...4, use BG[1:0]? = 3, BA[1:0] = 1 instead
40-43 repeat pattern 1...4, use BG[1:0]% = 2, BA[1:0] = 2 instead
44-47 repeat pattern 1...4, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and x8
48-51 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = 1 instead only
52-55 repeat pattern 1...4, use BG[1:0]?) = 3, BA[1:0] = 2 instead
56-59 repeat pattern 1...4, use BG[1:0]? = 2, BA[1:0] = 3 instead
60-63 repeat pattern 1...4, use BG[1:0]% = 3, BA[1:0] = 0 instead
2 | 64..nRFC-1 | repeat Sub-Loop 1, Truncate, if necessary

NOTE :

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don’t care for x16 device.

3) C[2:0] are used only for 3DS device.
4) DQ signals are VDDQ.
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[Table 52] IDD7 Measurement-Loop Pattern™

toggling
Static High

° 2 2 b < < = o
o g s < < < NS' 3] I <
SE = 5 5 ¢ = @ < Z
O 3 7)) 7 w o N b= =)
o = =
= o = o 2 @ < g <
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D0=00,
D1=FF
D2=FF,
D3=00
1 RDA 0 1 1 0 1 0 0 0 0 1 0 0 DA=FF,
0 D5=00
D6=00,
D7=FF
D 1 0 0 0 0 0 0 0 -
D# 1 1 1 1 1 0 0 | 32 -
repeat pattern 2...3 until nNRRD - 1, if nNRRD > 4. Truncate if necessary
nRRD ACT 0 0 0 0 0 0 0 1 0 0 0 0 0 -
DO=FF,
D1=00
D2=00,
D3=FF
1 | nRRD +1 RDA 0 1 1 0 1 0 1 0 0 1 0 0 D4=00,
D5=FF
D6=FF,
D7=00
repeat pattern 2 ... 3 until 2*"nRRD - 1, if nRRD > 4. Truncate if necessary
2*nRRD repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 2 instead
3*nRRD repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
4 | 4*nRRD repeat pattern 2 ... 3 until nNFAW - 1, if NFAW > 4*nRRD. Truncate if necessary
5 | nNFAW repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 1 instead
6 | NFAW +nRRD | repeat Sub-Loop 1, use BG[1:0]%) = 1, BA[1:0] = 2 instead
7 | nFAW + 2*nRRD| repeat Sub-Loop 0, use BG[1:0]?) = 0, BA[1:0] = 3 instead
8 | nFAW + 3*nRRD| repeat Sub-Loop 1, use BG[1:0]?) = 1, BA[1:0] = 0 instead
9 | nFAW + 4*nRRD| repeat Sub-Loop 4
10 | 2*nFAW repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
11 | 2*nFAW + nRRD| repeat Sub-Loop 1, use BG[1:0]?) = 3, BA[1:0] = 1 instead
1o | ZFAW + 2) o o
2*nRRD repeat Sub-Loop 0, use BG[1:0]¢' = 2, BA[1:0] = 2 instead
13 | ZFAW + 2) o L
3*nRRD repeat Sub-Loop 1, use BG[1:0]¢’ = 3, BA[1:0] = 3 instead
2*nFAW +
14 4*nRRD repeat Sub-Loop 4
For x4 and x8
only
15 | 3*nFAW repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 1 instead
16 | 3*nFAW + nRRD| repeat Sub-Loop 1, use BG[1:0]%) = 3, BA[1:0] = 2 instead
17 3*nFAW + 012 = PO
2*nRRD repeat Sub-Loop 0, use BG[1:0]°’ = 2, BA[1:0] = 3 instead
18 3*nFAW + 012) = PO
3*nRRD repeat Sub-Loop 1, use BG[1:0]°’ = 3, BA[1:0] = 0 instead
3*nFAW +
19 4*nRRD repeat Sub-Loop 4
20 | 4*nFAW repeat pattern 2 ... 3 until nRC - 1, if nNRC > 4*nFAW. Truncate if necessary

NOTE:

1) DQS_t, DQS_c are VDDQ.

2) BG1 is don’t care for x16 device.

3) C[2:0] are used only for 3DS device.
4)

Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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14. IDD SPEC TABLE

IDD and IPP values are for typical operating range of voltage and temperature unless otherwise noted.

[Table 53] Ipp and Ippq Specification for SMS4WEC8C2J2446SAG

SMS4WEC8C2J2446SAG
16GB (2Gx64) Module
DDR4-3200
22-22-22
VDD 1.2V VPP 2.5V
IDD Max. IPP Max.
Ippo 376 32 mA
Ibpoa 408 32 mA
Ipp1 416 32 mA
Ipp1a 440 32 mA
Ibp2N 240 24 mA
Ibp2na 240 24 mA
IbpanT 248 24 mA
IppanL 200 24 mA
IpbanG 232 24 mA
Ippanp 216 24 mA
Ibp2N_par 248 24 mA
Ippzp 176 24 mA
Ibp2a 224 24 mA
Ippan 328 32 mA
Ippana 336 32 mA
Ippap 248 32 mA
Ibpar 1024 32 mA
Ibpara 1104 32 mA
Ippars 1064 32 mA
Ibpaw 896 32 mA
Ippawa 960 32 mA
Ippaws 888 32 mA
Ippawc 824 32 mA
Ibpaw_par 1000 32 mA
Ippss 2760 240 mA
IbpsF2 2040 184 mA
Ippsra 1640 176 mA
Ippen 344 48 mA
Ippee 536 72 mA
Ipper 248 40 mA
Ibpea 344 48 mA
Iop7 1536 112 mA
Ipps 176 24 mA

NOTE :

1) DIMM IDD SPEC is based on the condition that de-actived rank (IDLE) is IDD2N. Please refer to Table 54.
2) IDD current measure method and detail patterns are described on DDR4 component datasheet.

3) VDD and VDDQ are merged on module PCB (IDDQ values are not considered by Qoff condition)

4) DIMM IDD Values are calculated based on the component IDD spec and Register power.
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[Table 54] DIMM Rank Status
SEC DIMM Operating Rank The other Rank

Ippo Ippo Ipp2n

Ipp1 Ipp1 Ipp2n

Ipp2p Ipp2p Ipp2p

Ipp2n Ipp2n Ipp2n

Ipp2a Ipp2q Ipp2q

Ibp3p Ippap Ippap

Ippan Ipb3n Ibpan

Ippar Ipbar Ipp2n

Ippaw Ippaw Ipp2n

Ippsg Ippss Ipp2n

Ipps Ipps Ipps

Ipp7 Ipp7 Ipp2n

Ipps Ipps Ipps
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15. INPUT/OUTPUT APACITANCE

[Table 55] Silicon Pad I/0O Capacitance

DDR4-1600/1866/

DDR4-2400/2666 DDR4-2933 DDR4-3200
Parameter 2133 Unit
min max ‘ min max min max min max ‘
Cio Input/output capacitance 0.55 1.4 0.55 1.15 0.55 1.0 0.55 1.0 pF 1,2,3
Coio Input/output capacitance delta -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,3,11
Input/output capacitance delta
Cbbas DQS_t and DQS. ¢ - 0.05 - 0.05 - 0.05 - 005 | pF | 1,235
Cck Input capacitance, CK_t and CK_c 0.2 0.8 0.2 0.7 0.2 0.7 0.2 0.7 pF 1,3
Cpck Input capacitance delta CK_t and CK_c - 0.05 - 0.05 - 0.05 - 0.05 pF 1,34
Input capacitance
C
I (CTRL, ADD, CMD pins only) 0.2 0.8 0.2 0.7 0.2 0.6 0.2 0.55 pF 1,3,6
Input capacitance delta
Coi_cTrRL (Al CTRL pins only) -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,3,7,8
CDI_ Input capacitance delta
aoo_onp | (Al ADD/CMD pins only) -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,9,10
CALERT Input/output capacitance of ALERT 0.5 15 0.5 1.5 0.5 1.5 0.5 1.5 pF 1,3
Cza Input/output capacitance of ZQ - 2.3 - 23 - 2.3 - 2.3 pF 1,3,12
CTEN Input capacitance of TEN 0.2 2.3 0.2 2.3 0.2 2.3 0.2 2.3 pF 1,3,13

NOTE :

1) This parameter is not subject to production test. It is verified by design and characterization. The silicon only capacitance is validated by de-embedding the package L & C
parasitic. The capacitance is measured with VDD, VDDQ, VSS, VSSQ applied with all other signal pins floating.

2) DQ, DM_n, DQS_t, DQS_c, TDQS_t, TDQS_c. Although the DM, TDQS_t and TDQS_c pins have different functions, the loading matches DQ and DQS

3) This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here

4) Absolute value CK_t-CK_c

5) Absolute value of CIO(DQS_t)-CIO (DQS_c)

6) Cl applies to ODT, CS_n, CKE, A0-A17, BA0-BA1, BG0-BG1, RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR.

7) CDI CTRL applies to ODT, CS_n and CKE

8) CDI_CTRL =CI(CTRL)-0.5*(CI(CK_t)+CI(CK_c))

9) CDI_ADD_ CMD applies to, A0-A17, BAO-BA1, BG0-BG1,RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR.

10) CDI_ADD_CMD =CI(ADD_CMD)-0.5*(CI(CK_t)+CI(CK_c))

11) CDIO =CIO(DQ,DM)-0.5*(CIO(DQS_t)+CIO(DQS_c))

12) Maximum external load capacitance on ZQ pin: 5pF.

13) TEN pin may be DRAM internally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid and system shall verify TEN signal with Vendor
specific information.
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16. ELECTRICAL CHARACTERISTICS & AC TIMING
16.1 Reference Load for AC Timing and Output Slew Rate

Figure 23 represents the effective reference load of 50 ohms used in defining the relevant AC timing parameters of the device as well as output slew rate
measurements.

Ron nominal of DQ, DQS_t and DQS_c drivers uses 34 ohms to specify the relevant AC timing parameter values of the device.
The maximum DC High level of Output signal = 1.0 * VDDQ,
The minimum DC Low level of Output signal = {34 /(34 + 50)} *VDDQ = 0.4* VDDQ
The nominal reference level of an Output signal can be approximated by the following:
The center of maximum DC High and minimum DC Low = {(1 + 0.4)/ 2} * VDDQ = 0.7 * VDDQ

The actual reference level of Output signal might vary with driver Ron and reference load tolerances. Thus, the actual reference level or midpoint of an
output signal is at the widest part of the output signal’s eye. Prior to measuring AC parameters, the reference level of the verification tool should be set to
an appropriate level.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load presented by a production tester.
System designers should use IBIS or other simulation tools to correlate the timing reference load to a system environment. Manufacturers correlate to
their production test conditions, generally one or more coaxial transmission lines terminated at the tester electronics.

VDDQ
DUT 50 Ohm
CK_t,CK_c DQ
- pas_t—"\/\/\,— VIT=voRQ
DQS_c
Timing Reference Point Timing Reference Point

Figure 23. Reference Load for AC Timing and Output Slew Rate

16.2 tREFI

Average periodic Refresh interval (tREFI) of DDR4 SDRAM is defined as shown in the table.

[Table 56] tREFI by device density

Parameter Symbol ‘ 16Gb Units NOTE

All Bank Refresh to active/refresh cmd time tRFC 550 ns
0°C <Tcase < 85°C 7.8 us
Average periodic refresh interval tREFI
85 °C < Tcase £ 95°C 3.9 us 1
NOTE :

1) Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR4 SDRAM devices support the following options or requirements referred to in
this material.
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16.3 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in malfunction of the DDR4
SDRAM device.

16.3.1 Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge. tCK(abs) is not subject t o pro-
duction test.

16.3.2 Definition for tCK(avg)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is calculated from rising edge to
rising edge.

N
tCK(avg) = Z tCK(abs)j|/N N = 200

J=1

16.3.3 Definition for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.
N
tCH(avg) = Z tCHj|/{Nx tCK(avg), N = 200

J=1

tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
tCl(avg) = Z tCLj|/{Nx tCK(avg)}, N = 200

J=1

16.3.4 Definition for tERR(nper)

tERR is defined as the cumulative error across n consecutive cycles of n x tCK(avg). tERR is not subject to production test.
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17. TIMING PARAMETERS BY SPEED GRADE

[Table 57] Timing Parameters by Speed Bin for DDR4-1600 to DDR4-3200

Speed ‘ DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 ‘ DDR4-3200 ‘
Units NOTE
Parameter Symbol ‘ MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX ‘ MIN MAX ‘
Clock Timing
Minimum Clock Cycle Time tCK
(DLL off mode) (DLL_OFF) 8 20 8 20 8 20 8 20 8 20 8 20 8 20 ns
Average Clock Period tCK(avg) 1.25 <15 1.071 <1.25 0.937 <1.071 0.833 <0.937 0.750 <0.833 0.682 <0.750 0.625 <0.682 ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 |tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 |tCK(avg)
N MIN : tCK(avg)min + tJIT(per)min_tot
Absolute Clock Period tCK(abs) MAX : tCK(avg)max + tJIT(per)max_tot tCK(avg)
Absolute clock HIGH pulse width | tCH(abs) 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg)| 23
Absolute clock LOW pulse width | tCL(abs) 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg)| 24
Clock Period Jitter- total JIT(per)_tot -63 63 -54 54 -47 47 -42 42 -38 38 -34 34 -32 32 ps 23
Clock Period Jitter- deterministic | JIT(per)_dj -31 31 -27 27 -23 23 -21 21 -19 19 -17 17 -16 16 ps 26
Clock Period Jitter during DLL |, yrr k)| -50 50 43 43 -38 38 -33 33 30 30 27 27 25 25 ps
locking period
Cycle to Cycle Period Jitter tJIT(cc) - 125 - 107 - 94 - 83 - 75 - 68 - 62 ps
Cycle to Cycle Period Jitter
during DLL locking period tJIT(cc, Ick) - 100 - 86 - 75 - 67 - 60 - 55 - 50 ps
Cumulative error across 2 cycles | tERR(2per) -92 92 -79 79 -69 69 -61 61 -55 55 -50 50 -46 46 ps
Cumulative error across 3 cycles | tERR(3per) -109 109 -94 94 -82 82 -73 73 -66 66 -60 60 -55 55 ps
Cumulative error across 4 cycles | tERR(4per) -121 121 -104 104 -91 91 -81 81 -73 73 -66 66 -61 61 ps
Cumulative error across 5 cycles | tERR(5per) -131 131 -112 112 -98 98 -87 87 -78 78 -71 71 -65 65 ps
Cumulative error across 6 cycles | tERR(6per) -139 139 -119 119 -104 104 -92 92 -83 83 -75 75 -69 69 ps
Cumulative error across 7 cycles | tERR(7per) -145 145 -124 124 -109 109 -97 97 -87 87 -79 79 -73 73 ps
Cumulative error across 8 cycles | tERR(8per) -151 151 -129 129 -113 113 -101 101 -91 91 -83 83 -76 76 ps
Cumulative error across 9 cycles | tERR(9per) -156 156 -134 134 -117 117 -104 104 -94 94 -85 85 -78 78 ps
gg’;“'a“"e error across 10 cy- | tERR(10per| ;g4 160 137 137 120 120 107 107 -9 9% 88 88 80 80 ps
ggg‘“'aﬁ"e error across 11cy-  |tERR(11per| 4o, 164 141 141 123 123 110 110 -99 99 90 90 -83 83 ps
8:2‘“""“"9 error across 12 cy- ‘ERR(;Z”B' -168 168 144 144 -126 126 112 112 -101 101 -92 92 -84 84 ps
8::‘“""“"9 error across 13 cy- |tERR(13per| 47, 172 147 147 129 129 114 114 103 103 .93 93 -86 86 ps
g;sm“'a“"e error across 14 cy-  |{ERR(14per| 475 175 -150 150 -131 131 -116 116 -104 104 -95 95 -87 87 ps
g;sm“'a“"e error across 15 cy- ‘ERR()1 Sper| 178 178 -152 152 -133 133 -118 118 -106 106 -o7 97 -89 89 ps
Cumulative erar across 16 cy- ‘ERR(;BP‘” 480 | 189 | -155 | 155 | -135 | 135 | -120 | 120 | -108 | 108 -98 98 -90 90 ps
Cumulative error across 17 cy- | ERR(I7per|  1g3 | 183 | 57 | 157 | 137 | 137 | 422 | 122 | -110 | 110 | 100 | 100 -92 92 ps
ggg‘“'aﬁ"e error across 18 cy- tERR(;sPe' 185 185 -159 159 139 139 124 124 12 112 101 101 03 93 ps
Cumulative error across n = 13, {ERR(nper) MIN : tERR(nper)min = ((1 + 0.68In(n)) * tJIT(per)_total min) s
14 ... 49, 50 cycles P MAX : tERR(nper)max = ((1 + 0.68In(n)) * UIT(per)_total max) P
Command and Address setup
time to CK_t, CK_c referenced to| tIS(base) 115 - 100 - 80 - 62 - 55 - 48 - 40 - ps
Vih(ac) / Vil(ac) levels
Command and Address setup
time to CK_t, CK_c referenced to| tIS(Vref) 215 - 200 - 180 - 162 - 145 - 138 - 130 - ps
Vref levels
Command and Address hold
time to CK_t, CK_c referenced to | tIH(base) 140 - 125 - 105 - 87 - 80 - 73 - 65 - ps
Vih(dc) / Vil(dc) levels
Command and Address hold
time to CK_t, CK_creferenced to | tIH(Vref) 215 - 200 - 180 - 162 - 145 - 138 - 130 - ps
Vreflevels
Control and Address Input pulse | ypyy 600 - 525 - 460 - 410 - 385 - 365 - 340 - ps
width for each input
Command and Address Timing ‘
CAS n to CAS n command de- max(5 max(5 max(5 max(5 max(5 max(5 max(5
lay for same bank grou tCCD_L nCK, - nCK, - nCK, - nCK, - nCK, - nCK, - nCK, - nCK 34
Y group 6.250 ns) 5.355 ns) 5.355 ns) 5ns) 5ns) 5 ns) 5 ns)
CAS_n to CAS_n command de- R R R R ~ ~ R
lay for different bank group tcco_s 4 4 4 4 4 4 4 nCK 34
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200

Parameter Symbol ‘ MIN MIN MAX ‘ MIN MAX ‘
/:12::1\/9;5 ‘?oﬁﬁfzrveﬁffaﬁﬁm {RRD_S(2K)| Max(4nC . [Max(nC . [MaxnC - |Max(4nC . [Max@nC| _ Max(dnC| | Max(4nC - nck | 34
Y . = K,6ns) K,5.3ns) K,5.3ns) K,5.3ns) K,5.3ns) K,5.3ns) K,5.3ns)
group for 2KB page size
QEILV:eTlaE t?o%?ffTel:ﬁ:/:tT Eaﬁ‘k’ ™ lrD s(1K)| Max(4nC Max(4nC Max(4nC Max(4nC | |Max@nC| —_ |Max(4nC| — — |Max(dnC| nck | 34
Y " - K,5ns) K,4.2ns) K,3.7ns) K,3.3ns) K,3ns) K,2.7ns) K, 2.5ns)
group for 2KB page size
ﬁg:&vgfy‘&ﬁﬁg::{igﬁm‘ {RRD_S(1/ | Max(4nC Max(4nC Max(4nC MaxnC |  |Max@nc| _ |Maxanc|  |mMax@nc| o
group for 1/2KB page size 2K) K,5ns) K,4.2ns) K,3.7ns) K,3.3ns) K,3ns) K,2.7ns) K, 2.5ns)
ACTIVATE to ACTIVATE Com-
Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC
mand delay o same bank group | tRRD_L(2K)| 7 5¢) K,6.4ns) K,6.4ns) Keans)| = | Keans)| ~  |Kéans)| - |Keans)| - ncK | 34
for 2KB page size
ACTIVATE to ACTIVATE Com-
Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC Max(4nC
mand delay o same bank group | tRRD_L(1K)| "y 5, K,5.3ns) K,5.3ns) Kaons)| | Kaons)| * |Kaons)|  |Kaons)| - ncK | 34
for 1KB page size
ACTIVATE (0 ACTIVATE Com | tRRD_L(1/ | Max(4nC Max(4nC Max(4nC vaanc | |maxanc|  [wexanc| . |waenc | | ok | s
Y to sal group 2K) K,6ns) K,5.3ns) K,5.3ns) K,4.9ns) K,4.9ns) K,4.9ns) K,4.9ns)
for 1/2KB page size
Four activate window for 2KB FAW 2K Max(28n Max(28n Max(28n Max(28n _ Max(28n - Max(28n ~ Max(28n _ ns 34
page size — CK,35ns) CK,30ns) CK,30ns) CK,30ns) CK,30ns) CK,30ns) CK,30ns)
Four activate window for 1KB FAW 1K Max(20n Max(20n Max(20n Max(20n _ Max(20n - Max(20n ~ Max(20n _ ns 34
page size - CK,25ns) CK,23ns) CK,21ns) CK,21ns) CK,21ns) CK,21ns) CK,21ns)
. . Max
Four activate window for 1/2KB Max(16n Max(16n Max(16n Max(16n Max(16n Max(16n
page size FAW_112K | oy 20ns) CK,A7ns) CK,15ns) CKisns) | |ckizns) | - | (18nCK b - dekons)| ns | 34
9 10.875ns)
Delay from start of internal write Max Max Max max
transaction to internal read com- | tWTR_S r;za;(szlsg) - mKazx(Sz:sC) - n}la;((ggsC) - (2nCK, - (2nCK, - (2nCK, - (2nCK, - ns 1’2"‘6’3
mand for different bank group o T T 2.5ns) 2.5ns) 2.5ns) 2.5ns)
Delay from start of internal write max max max max
transaction to internal read com- | tWTR_L Tf;(g:; - ’Ea;‘(;r’“sc) - néa;(ggsc) - |wnck7s| - |w@nck7s| - |@nck7s| - |@nck7s| - 1,34
mand for same bank group T T T ns) ns) ns) ns)
Internal READ Command to max(4nC max(4nC max(4nC max max max max
PRECHARGE Command delay RTP | 7 5ns) - K,7.5ns) ) K,7.5ns) ) (4”%’7'5 - (4”%'7‘5 - (4"(;:)'7'5 - (4”25'7‘5 -
WRITE recovery time tWR 15 - 15 - 15 - 15 - 15 - 15 - 15 - ns 1
N " tWR+max tWR+max tWR+max tWR+max tWR+max tWR+max tWR+max
Write recovery fime when CRC | IWR.ORC \unck37| - |encka7| - |enokar| - |enckar| - |encka7| - |(6nCK37| - |@nCK37| - ns | 1,28
- 5ns) 5ns) 5ns) 5ns) 5ns) 5ns) 5ns)
Delay from start of internal write tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+
transaction to internal read com- | tWTR_S_C| max _ max _ max _ max _ max ~ max ~ max _ ns 2,29,
mand for different bank group RC_DM ([(4nCK3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 34
with both CRC and DM enabled 5ns) 5ns) 5ns) 5ns) 5ns) 5ns) 5ns)
Delay from start of internal write tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+
transaction to internal read com- [ tWTR_L_C [ max R max R max R max R max ~ max ~ max R ns | 330
mand for same bank group with | RC_DM |(4nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 (5nCK,3.7 34
both CRC and DM enabled 5ns) 5ns) 5ns) 5ns) 5ns) 5ns) 5ns)
DLL locking time tDLLK 597 - 597 - 768 - 768 - 1024 - 1024 - 1024 - nCK
Mod_e Register Set command cy- {MRD 8 R 8 R 8 R 8 R 8 ~ 8 ~ 8 R nCK
cle time
Mode Register Set command up- iMOD max(24n R max(24n R max(24n R max(24n _ max(24n - max(24n ~ max(24n _ nCK 50
date delay CK,15ns) CK,15ns) CK,15ns) CK,15ns) CK,15ns) CK,15ns) CK,15ns)
Multi-Purpose Register Recovery {MPRR 1 _ 1 _ 1 _ 1 - 1 - 1 - 1 - nCK 33
Time
. . y tMOD tMOD tMOD tMOD tMOD tMOD tMOD
(’\:/IDUVI(: P“Tri‘r’::e Register Write Re<| wy2 mpR | (min) - (min) - (min) - (min) - (min) - (min) - (min) -
i +AL+PL +AL+PL +AL +PL +AL +PL +AL +PL +AL +PL +AL +PL
Auto preche.lrge write recovery + tDAL(min) Programmed WR + roundup (tRP / tCK(avg)) nCK
precharge time
DQO or DALO driven to 0 set-up | pp o 05 - 05 - 05 - 05 - 05 - 05 - 05 - Ul | 4547
time to first DQS rising edge =
DQO or DQLO driven to 0 hold
time from last DQS falling edge tPDA_H 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - 0.5 - ul 46,47
CS_n to Command Address Latency ‘
~ max(3 max(3 max(3 max(3 max(3 max(3 max(3
gﬁg" to Command Address La tCAL nCK, - nCK, - nCK, - nCK, - nCK, - nCK, - nCK, - nCK
4 3.748ns) 3.748ns) 3.748ns) 3.748 ns) 3.748 ns) 3.748 ns) 3.748ns)
Mode Register Set command cy-| 1o {CAL tMOD+ : tMOD+ R tMOD+ R tMOD+ R tMOD+ ~ tMOD+ ~ tMOD+ _ nCK
cle time in CAL mode - tCAL tCAL tCAL tCAL tCAL tCAL tCAL
Mode Register Set update delay |,\\on 1o | tMOD+ : tMOD+ R tMOD+ R tMOD+ R tMOD+ _ tMOD+ _ tMOD+ R nCK
in CAL mode - tCAL tCAL tCAL tCAL tCAL tCAL tCAL
DRAM Data Timing
DQS_t, DQS_c to DQ skew, per _ _ _ ~ _ _ ~ tCK(avg)| 13,18,
group, per access tDQSQ 0.16 0.16 0.16 0.17 0.18 0.19 0.20 2 39,49
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200
Units NOTE

Parameter Symbol ‘ MIN MIN MAX ‘ MIN MAX ‘
DQ output hold time per group, | yqyy 0.76 - 0.76 - 0.76 - 0.74 - 074 - 072 - 0.70 - ka3
per access from DQS_t, DQS_c : : : : ! : ! 2 4’9 !
Data Valid Window per device, 1718
per Ul: (tQH - tDQSQ) of each UI|  tDVWd 063 - 0.63 - 064 - 064 - 0.64 - 0.64 - 0.64 - U |6
on a given DRAM ’
Data Valid Window, per pin, per 17,18
Ul: (tQH - tDQSQ) each Ulona |  tDVWp 0.66 - 0.66 - 0.69 - 072 - 072 - 0.72 - 072 - U |35
pin of a given DRAM ’
2? 'f"’é:;"‘;edame time from tzoa) | -450 225 -390 195 2360 180 2330 175 310 170 280 165 2250 160 ps | 39
DQ high impedance time from
CK LOK & tHZ(DQ) - 225 - 195 - 180 - 175 - 170 - 165 - 160 ps | 39
Data Strobe Timing ‘
DQs_t, DQS_c differential READ| pppe 09 |NOTE44| 09 |NOTE44| 09 |NOTE44| 09 |[NOTE44| 09 |NOTE44| 09 |NOTE44| 09 |[NOTE44| tck | 40
Pre-amble (1 clock preamble)
DQS_t, DQS_c differential READ|  ppprs NA NA NA NA NA NA 18 |NOTE44| 18 |NOTE44| 18 |[NOTE44| 18 |[NOTE44| tck | 41
Preamble (2 clock preamble)
pas.L, DAS_cdiferental READ) 1gpsT | 033 [NOTE45| 033 [NOTE45| 033 [NOTE45| 033 |NOTE45| 033 |NOTE45| 033 |NOTE45| 033 |NOTE45| tCK
DAS_t, DQS_c differential outputl gy 0.4 - 04 - 04 - 04 - 0.4 - 04 - 0.4 - tcK | 21
high time
DAS_t, DQS_c differential outputl ~ yqq) 0.4 - 04 - 04 - 04 - 0.4 - 04 - 0.4 - tcKk | 20
low time
DQS_t, DQS_c differential
WRITE Preamble (1 clock pream-|  tWPRE 09 - 09 - 0.9 - 0.9 - 0.9 - 09 - 09 - oK | 42
ble)
DQS_t, DQS_c differential
WRITE Preamble (2 clock pream-| tWPRE2 NA NA NA 18 - 1.8 - 18 - 18 - tck | 43
ble)
DQS_t, DQS_c differential
WRITE Postatle twPST 033 - 0.33 - 0.33 - 0.33 - 033 - 0.33 - 0.33 - tck
DQS_t and DQS_c low-imped-
ance time (Referenced from RL- | tLZ(DQS) -450 225 -390 195 -360 180 -330 175 -310 170 -280 165 -250 160 ps
1)
DQS_t and DQS_c high-imped-
ance time (Referenced from tHZ(DQS) - 225 - 195 - 180 - 175 - 170 - 165 - 160 ps
RL+BL/2)
pas.t bAs_c diferential input | - ipqgy 0.46 054 | 046 0.54 046 | 054 046 | 054 046 | 054 | 046 054 | 046 054 | tok
low pulse width
ﬁQs—" DQS_c differential input | gy 0.46 054 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tcK
igh pulse width
DQS_t, DQS_c rising edge to
CK_t, CK_crising edge (1 clock | tDass | -027 | o027 | -027 | o027 | -027 | o027 | 027 | 027 | -027 | 027 | -027 | o027 | -027 | o027 ek | 42
preamble)
DQS_t, DQS_c rising edge to
CK_t, CK_c rising edge (2 clock | tDQSS2 | N/A N/A N/A N/A N/A N/A 05 05 05 05 05 05 05 05 tcK | 43
preamble)
DQS_t,DQS_cfalling edge setup R R R R ~ ~ R
fime B CK 10K ¢ neingedge tDSS 0.18 0.18 0.18 0.18 0.18 0.18 0.18 tcK
DQS_t, DQS_c falling edge hold R R R ~ ~ ~ R
fime from CKt K. erising edge|  ©OSH 0.18 0.18 0.18 0.18 0.18 0.18 0.18 tcK
DQS_t, DQS_c rising edge out-
put timing location from rising (tg&sg:) 225 225 195 195 -180 180 175 175 170 170 -165 165 -160 160 ps 373’38’
CK_t, CK_c with DLL On mode
DQS_t, DQS_crising edge out- | tDQSCKI ~ ~ ~ _ ~ ~ ~ 37,38,
put variance window per DRAM | (DLL On) 370 330 310 290 270 265 260 N
MPSM Timing ‘
) tMOD(mi tMOD(mi tMOD(mi tMOD(mi tMOD(mi tyo(miny tMOD(mi
Command path disable delay tMPED [n)+tCP-| - |m+tcP-| - |m+tcP-| - |m+tcP-| - |m+cP-| - + tgp. - |mecp-| -
P i DED(min) DED(min) DED(min) DED(min) DED(min) DEDEIn DED(min)
) ) tMOD(mi tMOD(mi tMOD(mi tMOD(mi tMOD(mi tvo(min) tMOD(mi
Valig clock requirement after {CKMPE |n)+tcP-| - |m+tcP-| - |m+tcP-| - |m+tcP-| - |n+tcP-| - +igp. - |nysep-| -
Y DED(min) DED(min) DED(min) DED(min) DED(min) DEDmin) DED(min)
Valid clock requirement before | oo [toksRX(|  [roksRx(| [roksRx(| - fwoksRx(|  [oksRx(| {teksrxm — Jreksrx(|
MPSM exit min) min) min) min) min) n) min)
Exit MPSM to commands not . . . . . .
requiring a locked DLL tXMP tXS(min) - tXS(min) - tXS(min) - tXS(min) - tXS(min) - txs(min) - tXS(min) -
) ) ) . ) tXMP(min
y . tXMP(min tXMP(min tXMP(min tXMP(min tXMP(min txmp(min)
i‘f‘x"a"’l‘fj('z' d‘%ﬁi"‘"‘a"ds requir- | \MPDLL | ) + tXS- . )+ XS- - ) +HXS- - )+ tXS- - )+ tXS- - Yo - txs'_t(mi -
9 DLL(min) DLL(min) DLL(min) DLL(min) DLL(min) DLL(min) o
. tIS(min) + tIS(min) + tIS(min) + tIS(min) + t1S(min) + tis(min) + tISmin +
CS setup time to CKE MPXS | iminy | © [ uHming | C |oH@miny | | uHming | T | tHming | C i) - tiHMin -
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Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200
Units NOTE

Parameter Symbol ‘ MIN MAX ‘ MIN MAX ‘
ﬁg;r;:eigh hold time to CKEris- | oy wy | txpminy | - |txPminy| - |[xPminy| - |exeminy| - | xPminy | - tp(miny | ey | -
CS_n Low hold time to CKE ris- tXMP- tXMP- tXMP- tXMP- tXMP- txme- tXMP-
ing edge tMPX_LH 12 10ns 12 10ns 12 10ns 12 10ns 12 10ns 12 10ns 12 10ns ns 51
Calibration Timing ‘
Power-up and RESET calibration  zqinit | 1024 - 1024 - 1024 - 1024 - 1024 - 1024 - 1024 - nCK
plormal operation Full calibration | - zqoper | 512 - 512 - 512 - 512 - 512 - 512 - 512 - nCK
Normal operation Short calibra- | 7qc5 | 428 - 128 - 128 - 128 - 128 - 128 - 128 - nCK
tion time
Reset/Self Refresh Timing ‘
max max max max max max max
Exit Reset from CKE HIGH to a IXPR (5nCKtR R (5nCKtR R (5nCK,tR R (5nCKt R (5nCKtR R (5nCKtR R (5nCKtR R nCK
valid command FC(min)+ FC(min)+ FC(min)+ R FC(min)+ FC(min)+ FC(min)+
10ns) 10ns) 10ns) FC(min)+ 10ns) 10ns) 10ns)
4n,
Exit Self Refresh to commands xS tRFC(min R tRFC(min R tRFC(min R tRFC(min R tRFC(min ~ tRFC(min ~ tRFC(min R nCK
not requiring a locked DLL )+10ns )+10ns )+10ns )+10ns )+10ns )+10ns )+10ns
SRXtocommands notrequiringa tX- . . . . . . .
locked DLL in Self Refresh S_ABORT( tRFC4(mi R tRFC4(mi R tRFC4(mi R tRFC4(mi R tRFC4(mi ~ tRFC4(mi ~ tRFC4(mi R nCK
- n)+10ns n)+10ns n)+10ns n)+10ns n)+10ns n)+10ns n)+ 10ns
ABORT min)
E:g fn?ast(ecereg\}\;E @%C'FE'TZS;% tXS_FAST |RFCami | |RFcami|  |wroami|  |mecami|  |RFcami|  |wrcami|  |®rcami| oK
’ B (min) n)+10ns n)+10ns n)+10ns n)+10ns n)+10ns n)+10ns n)+ 10ns
Gear Down)
Exit Self Refresh to commands IXSDLL tDLLK(mi R tDLLK(mi R tDLLK(mi R tDLLK(mi R tDLLK(mi ~ tDLLK(mi ~ tDLLK(mi R nCK
requiring a locked DLL n) n) n) n) n) n) n)
Minimum CKE low width for Self {CKESR tCKE(min R tCKE(min R tCKE(min R tCKE(min R tCKE(min ~ tCKE(min ~ tCKE(min R nCK
refresh entry to exit timing )+1nCK )+1nCK )+1nCK )+1nCK )+1nCK )+1nCK )+1nCK
Minimum CKE low width for Self {CKESR tCKE(min tCKE(min tCKE(min tCKE(min tCKE(min tCKE(min tCKE(min
refresh entry to exit timing with PAR )+ - )+ - )+ - )+ - )+ - )+ - )+1nCK+ - nCK
CA Parity enabled 1nCK+PL 1nCK+PL 1nCK+PL 1nCK+PL 1nCK+PL 1nCK+PL PL
Valid Clock Requirement after max(5nC max(5nC max(5nC max max max max
Self Refresh Entry (SRE) or Pow- | tCKSRE K.10ns) - K.10ns) - K.10ns) - (5nCK,10 - (5nCK,10 - (5nCK,10 - (5nCK,10 - nCK
er-Down Entry (PDE) ! ’ ’ ns) ns) ns) ns)
Valid Clock Requirement after max max max max max max max
jﬁgsigeﬁ:ei”gx(ﬁgﬁ) o ::W R‘EC’;SA'R GneK10| - |enekto| - |enekito| - |Gnekio| - [enekio| - |nekito| - |nekito| - nCK
abled Y - ns)+PL ns)+PL ns)+PL ns)+PL ns)+PL ns)+PL ns)+ PL
Valid Clock Requirement before max(5nC max(5nC max(5nC max max max max
Self Refresh Exit (SRX) or Pow-| tCKSRX K,10ns) - K.10ns) - K,10ns) - (5nCK,10 - (5nCK,10 - (5nCK,10 - (5nCK,10 - nCK
er-Down Exit (PDX) or ResetExit ! ? ? ns) ns) ns) ns)

Power Down Timing

Exit Power Down with DLL on to

any valid command; Exit Pre- max max max max max max max
charge Power Down with DLL fro- tXP (4nCK,6n - (4nCK,6n - (4nCK,6n - (4nCK,6n - (4nCK,6n - (4nCK,6n - (4nCK,6n - nCK
zen to commands not requiring a s) s) s) s) s) s) s)
locked DLL
max max max max max max max
CKE minimum pulse width tCKE (3nCK, - (3nCK, - (3nCK, - (3nCK, - (3nCK, - (3nCK, - (3nCK, - nCK |31,32
5ns) 5ns) 5ns) 5ns) 5ns) 5ns) 5ns)
Command pass disable delay tCPDED 4 - 4 - 4 - 4 - 4 - 4 - 4 - nCK
Power Down Entry to Exit Timing| ~ tPD | ICKE(MIN| gupepy [ICKEMING o per ‘CKE)(”““ 9REFI ‘CKE)("“” 9REFI ‘CKE)(mi" OREFI ‘CKE)(mi" 9REFI ‘CKE)(mi" OREFI | ncK | 6
Timing of ACT command to Pow- {ACTPDEN 4 R 4 R P R P R 2 R Py R 2 R nCK 7
er Down entry
Timing of PRE or PREA com- {PRPDEN 1 _ 1 _ 2 _ 2 _ 2 _ 2 _ 2 _ nCK 7
mand to Power Down entry
Timing of RD/RDA command to {RDPDEN | RL+4+1 _ RL+4+1 _ RL+4+1 _ RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - nCK
Power Down entry
Timing of WR command to Power WL+4+(t WL+4+(t WL+4+(t WL+4+(t WL+4+(t WL+4+(t WL+4+(t
Down entry (BL8OTF, BL8MRS, | tWRPDEN WR/ - WR/ - WR/ - WR/ - WR/ - WR/ - WR/ - nCK 4
BC40TF) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRA command to Pow-
er Down entry (BL8OTF, twRAPDEN|WITHW (WL (WL WL (WL W WL nck | 5
BL8MRS, BC4OTF)
L o | WLH2+(t WL+2+(t WL+2+(t WL+2+(t WL+2+(t WL+2+(t WL+2+(t
B‘E’)“M';ge‘;ft‘r';’?s%’;“,\;";g;’ P e | WRI - WR/ - WR/ - WR/ - WR/ - WR/ - WR/ - ncK | 4
tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRAcommand to Pow-| tWRAP- | WL+2+W : WL+2+W } WL+2+W } WL+2+W } WL+2+W R WL+2+W R WL+2+W : nCK 5
er Down entry (BC4MRS) BC4DEN R+1 R+1 R+1 R+1 R+1 R+1 R+1
Timing of REF command to Pow-|
er Down entry tREFPDEN 1 - 1 - 2 - 2 - 2 - 2 - 2 - nCK 7
Timing of MRS command to Pow- tMRSPDEN tMOD(mi R tMOD(mi R tMOD(mi R tMOD(mi R tMOD(mi ~ tMOD(mi ~ tMOD(mi R
er Down entry n) n) n) n) n) n) n

PDA Timing

Mode Register Set command cy-
cle time in PDA mode

max(16n R max(16n R max(16n R max(16n R max(16n ~ max(16n ~ max(16n R
MRD_PDA | ¢ 40ns) CK,10ns) CK,10ns) CK,10ns) CK,10ns) CK,10ns) CK, 10ns) nCK

©2021 SMART Modular - Confidential 67



®
SMART SMS4WEC8C2J2446SAG

Modular Technologies Jul 22, 2021

Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200
Units NOTE

Parameter Symbol ‘ MIN MAX MIN MAX ‘
tMOD

ODT Timing

MIN MAX MIN MAX MIN MAX ‘
Mode Register Set command up-
date delay in PDA mode HoP-FoR “ P P ““ o --.

Asynchronous RTT turn-on delay

(Powor Do wih DLL frovery”| 1AONAS | 1.0 9.0 10 9.0 10 9.0 1.0 9.0 10 9.0 10 9.0 10 9.0 ns
Asynchronous RTT tum-off delay s qeag | 49 9.0 10 9.0 10 9.0 10 9.0 10 9.0 10 9.0 10 9.0 ns
(Power-Down with DLL frozen)

RTT dynamic change skew {ADC 03 07 03 07 03 07 03 07 | 028 | 072 | 026 | 074 | 026 | 074 [tCK(avg)

Write Leveling Timing ‘

First DQS_t/DQS_c rising edge
after write leveling mode is pro- | tWLMRD 40 - 40 - 40 - 40 - 40 - 40 - 40 - nCK 12
grammed

DQS_t/DQS_c delay after write

- . tWLDQSEN 25 - 25 - 25 - 25 - 25 - 25 - 25 - nCK 12
leveling mode is programmed

Write leveling setup time from ris-
ing CK_t, CK_c crossing to rising tWLS 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - tCK(avg)
DQS_t/DQS_ccrossing

Write leveling hold time from ris-
ing DQS_t/DQS_ccrossingtoris-|  tWLH 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - 0.13 - tCK(avg)
ing CK_t, CK_ccrossing

Write leveling output delay tWLO 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 0 9.5 ns
Write leveling output error tWLOE 0 2 0 2 0 2 0 2 0 2 0 2 0 2 ns
CA Parity Timing ‘
Commands not guaranteed to be| tPAR_UN-

executed during this time KNOWN ° PL ° PL : PL ° PL ° PL ° PL ° PL

Delay from errant command to  [tPAR_ALER

ALERT n assertion T ON - PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns - PL+6ns

Pulse width of ALERT_n signal | (PAR_ALER| g 9% 56 12 64 128 7 144 80 160 88 176 9% 192 | nck
when asserted T_PW

Time from when Alert is asserted

till controller must start providing [tPAR_ALER

DES commands in Persistent CA| T_RSP ° 43 ° 50 : 57 ° 64 ° n ° 78 ° 85 nCK
parity mode

Parity Latency PL 4 4 4 5 5 6 6 nCK

CRC Error Reporting

CRC error to ALERT_n latency | '“RCAE | 3 13 3 13 3 13 3 13 3 13 3 13 3 13 ns
CRC ALERT_n pulse width CR?—F’,*V';/ER 6 10 6 10 6 10 6 10 6 10 6 10 6 10 ncK

Geardown timing

Exit RESET from CKE HIGH to a tX-

valid MRS geardown (T2/Reset) | PR GEAR | - - - - - - - XPR - XPR - XPR -

CKE High Assert to Gear Down

Enable time(T2/CKE) tXS_GEAR - - - - - - - - XS - tXs - tXSs -

MRS command to Sync pulse tSYNC_- R R R R ~ R R R tMOD + R tMOD + R tMOD + R 27
time(T3) GEAR 4nCK 4nCK 4nCK

Sync pulse to First valid com- tCM- R R R R ~ R R R R R R

mand(T4) D_GEAR tMOD tMOD tMOD 27
Geardown setup time ‘GEAEP—SSP - - - - - - - - 2 - 2 - 2 - nCK
Geardown hold time tGEAR_hold - - - - - - - - 2 - 2 - 2 - nCK

tRFC1 (min) 16Gb 550 - 550 - 550 - 550 - 550 - 550 - 550 - ns 34
tRFC2 (min) 16Gb 350 - 350 - 350 - 350 - 350 - 350 - 350 - ns 34
tRFC4 (min) 16Gb 260 - 260 - 260 - 260 - 260 - 260 - 260 - ns 34
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NOTE :
1) Start of internal write transaction is defined as follows :
For BL8 (Fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly) : Rising clock edge 4 clock cycles after WL.
For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL.
) A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled
) Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.
) tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK following rounding algorithm defined in "17.1 Rounding Algorithms".
) WR in clock cycles as programmed in MRO.
) tREFI depends on TOPER.
) CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but power-down IDD spec will not be
applied until finishing those operations.
8) For these parameters, the DDR4 SDRAM device supports tnPARAM[nCK]=RU{tPARAM[ns]/tCK(avg)[ns]}, which is in clock cycles assuming all input clock jitter specifica-
tions are satisfied.
9) When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.
10) When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.
11) When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tNVTR_L.
12) The max values are system dependent.
13) DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER.
14) The deterministic component of the totaltiming.
15) DQ to DQ static offset relative to strobe pergroup.
16) This parameter will be characterized and guaranteed by design.
17) When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock. (output deratings are relative to the
SDRAM input clock).
18) DRAM DBI mode is off.
19) DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.
20) tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge
21) tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next consecutive rising edge
22) There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI
23) tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge
24) tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge
25) Total jitter includes the sum of deterministic and random jitter terms for a specified BER.
26) The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.
27) This parameter has to be even number of clocks
28) When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.
29) When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.
30) When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.
31) After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification (Low pulse width).
32) After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification (HIGH pulse width).
33) Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.
34) Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.
35) This parameter must keep consistency with Speed-Bin Tables shown in section 10.
36) DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s datarate. UI=tCK(avg).min/2.
37) applied when DRAM is in DLL ONmode.
38) Assume no jitter on input clock signals to the DRAM.
39) Value is only valid for RONNOM = 34 ohms.
40) 1tCK toggle mode with setting MR4:A11 to 0.
41) 2tCK toggle mode with setting MR4:A11 to 1, which is valid for DDR4-2400/2666/2933 and 3200 speed grade.
42) 1tCK mode with setting MR4:A12 to 0.
43) 2tCK mode with setting MR4:A12 to 1, which is valid for DDR4-2400/2666/2933 and 3200 speed grade.
44) The maximum read preamble is bounded by tLZ(DQS)min on the left side and tDQSCK(max) on the right side. See Figure “Clock to Data Strobe Relationship” in Operation
datasheet. Boundary of DQS Low-Z occur one cycle earlier in 2tCK toggle mode which is illustrated in “Read Preamble” section.
45) DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-signal cross-point
46) last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from Low to High
47) VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.
48) The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the right side. See Figure “Clock to Data Strobe Relation-
ship” in Operation datasheet.
49) Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 * VDDQ as a center level of the
static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load of 50 ohms to VTT = VDDQ.
50) For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK.
51) tMPX_LH(max) is defined with respect to actual tXMP in system as opposed to tXMP(min).
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17.1 Rounding Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For example, a system may use a memory
clock with a nominal frequency of 933.33... MHz, or a clock period of 1.0714... ns. Similarly, a system with a memory clock frequency of 1066.66... MHz
yields mathematically a clock period of 0.9375... ns. In most cases, it is impossible to express all digits after the decimal point exactly, and rounding must
be done because the DDR4 SDRAM specification establishes a minimum granularity for timing parameters of 1 ps.

Rules for rounding must be defined to allow optimization of device performance without violating device parameters. These algorithms rely on results that
are within correction factors on device testing and specification to avoid losing performance due to rounding errors.

These rules are:

* Clock periods such as tCKAVGmin are defined to 1 ps of accuracy; for example, 0.9375... ns is defined as 937 ps and 1.0714... ns is defined as 1071
ps.

* Using real math, parameters like tAAmin, tRCDmin, etc. which are programmed in systems in numbers of clocks (nCK) but expressed in units of time (in
ns) are divided by the clock period (in ns) yielding a unitless ratio, a correction factor of 2.5% is subtracted, then the result is set to the next higher inte-
ger number of clocks:

nCK = ceiling [(parameter_in_ns / application_tCK_in_ns) - 0.025]

« Alternatively, programmers may prefer to use integer math instead of real math by expressing timing in ps, scaling the desired parameter value by 1000,
dividing by the application clock period, adding an inverse correction factor of 97.4%, dividing the result by 1000, then truncating down to the next lower
integer value:

nCK = truncate [{(parameter_in_ps x 1000) / (application_tCK_in_ps) + 974} / 1000]
« Either algorithm yields identical results. In case of conflict between results, the preferred algorithm is the integer math algorithm.

* This algorithm applies to all timing parameters documented in a Serial Presence Detect(SPD) when converting from ns to nCK. Other timing parame-
ters may use a simpler algorithm nCK = ceiling (parameter_in_ns + application_tCK_in_ns).
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17.2 The DQ input receiver compliance mask for voltage and timing

The DQ input receiver compliance mask for voltage and timing is shown in the figure below. The receiver mask (Rx Mask) defines area the input signal

must not encroach in order for the DRAM input receiver to be expected to be able to successfully capture a valid input signal with BER of 1e-16; any input
signal encroaching within the Rx Mask is subject to being invalid data. The Rx Mask is the receiver property for each DQ input pin and it is not the valid

data-eye.

vdivw

Figure 24. DQ Receiver(Rx) compliance mask

DQx

Vref variation
(Component)

NN OEE N EE EE NN NN NN NN

Figure 25. Vcent_DQ Variation to Vcent_DQ(midpoint)

The Vref_DQ voltage is an internal reference voltage level that shall be set to the properly trained setting, which is generally Vcent_DQ(midpoint), in order
to have valid Rx Mask values.

Vcent_DQ is defined as the midpoint between the largest Vref_DQ voltage level and the smallest Vref_DQ voltage level across all DQ pins for a given
DDR4 DRAM component. Each DQ pin Vref level is defined by the center, i.e. widest opening, of the cumulative data input eye as depicted in Figure 25.
This clarifies that any DDR4 DRAM component level variation must be accounted for within the DDR4 DRAM Rx mask.The component level Vref will be
set by the system to account for Ron and ODT settings.
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DQS, DQs Data-in at DRAM Ball DQS. DQs Data-in at DRAM Ball
Rx Mask Rx Mask - Alternative View

0.5xTdiVW 0.5xTdiVW 0.5XTdIVW, 0.5xTdiVW

\AAANANT T : SAAANANT T
DRAMa Rx Mask I% DRAMa Rx Mask I%
DQx-z | DQx-z . =
NVVV VY ' AVVVYVAN
TdiVW [ - Tdivv = -
thasana + 0.5 x TdiVW
R - -
: SAAAAAAARAAT ] A \AAAAANANAN ]
DRAMb Rx Mask % DRAMb Rx Mask I%
DQy DQy 4—Tdi?u"W—-' >
FAVAYATATAVAYAYATATA"AN JAVAYATATATYAYAVAYA'A" AN
bazpq e—= tpazna
\AANANAAT ] . \AANANANT ]
DRgl\(gl; Rx Mask % DRggz RxTclj\i/IM?VSk E
' JAYAVAVAVATATATAYAN ' IVVVVVYVA N
tbgap ™ -

tpaszng * 0.5 x TAIVW

+—>] baszpa

g X AN
DRAMGc Rx Mask I% DRAMC Rx Mask I§
DQz : > DQz -d—TdI:VW—h- >

JATATANN YYA

-—-l tbazna tbazpa

\AAAAAT T ‘ \ANAANT T
DRAMG Rx Mask I% DRAMc Rx Mask I%
DQ \ > DQ |—TdiVW— >

d : AAAAAAN ) ‘ AMVATAN

fbazoa
NOTE : DQx represents an optimally centered mask. NOTE : DRAMa represents a DRAM without any DQS/DQ skews.
DQy represents earliest valid mask. DRAMb represents a DRAM with early skews (negative tpggopq)-

DQz represents latest valid mask. DRAMCc represents a DRAM with delayed skews (positive tbaszpa).

NOTE : Figures show skew allowed between DRAM to DRAM and DQ to DQ for a DRAM. Signals assume data centered aligned at DRAM Latch.
TdiPW is not shown; composite data-eyes shown would violate TdiPW.
VCENT DQ(midpoint) is not shown but is assummed to be midpoint of VdiVW..

Figure 26. DQS to DQ and DQ to DQ Timings at DRAM Balls

All of the timing terms in Figure 26 are measured at the VdIVW voltage levels centered around Vcent_DQ and are referenced to the DQS_t/DQS_c center
aligned to the DQ per pin.
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The rising edge slew rates are defined by srr1 and srr2. The slew rate measurement points for a rising edge are shown in Figure 27 below: A low to high
transition tr1 is measured from 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint)
while tr2 is measured from the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min)

above Vcent_DQ(midpoint).

Rising edge slew rate equations:
srr1 = VdIVW(max) / tr1
srr2 = (VIHL_AC(min) — VdIVW(max)) / (2*tr2)

tn

=

E

gl
z| ¢ =
ik Rx Mask N
SI 0 N M e = Veent_DQ(midpoint) g
|z A 2
Il g [ 0.5'VdiVW(max) 8

_§JI

b A T

Figure 27. Slew Rate Conditions For Rising Transition

The falling edge slew rates are defined by srf1 and srf2. The slew rate measurement points for a falling edge are shown in Figure 28 below: A high to low
transition tf1 is measured from 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the last transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint)
while tf2 is measured from the last transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min)

below Vcent_DQ(pin mid).

Falling edge slew rate equations:
srf1 = VdIVW(max) / tf1
srf2 = (VIHL_AC(min) — VdIVW(max)) / (2*tf2)

5
E
Q
<
=] 3 -
HE: 0.5"VdivVW(max) g
g. ;_l = « Veent DQ(midpoint) §
J| E 3
§ o 0.5*VdiVW(max) g
1

0.5*VHL_AC

Figure 28. Slew Rate Conditions For Falling Transition
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[Table 58] DRAM DQs In Receive Mode;

1600/1866/2133 2400 2666 2933 3200
Parameter - 00— Unit
i i max min max min max min max

vdivw Rx Mask voltage - pk-pk - 136 - 130 - 120 - 115 - 110 | mV | 1,2,10
TdIVW Rx timing window - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 | UI* | 1,2,10
VIHL_AC DQ AC input swing pk-pk 186 - 160 - 150 - 145 - 140 - mV | 3,4,10
TdIPW DQ input pulse width 0.58 - 0.58 - 0.58 - 0.58 - 0.58 - ul* 5,10
tbQS2DQ Rx Mask DQS to DQ offset -0.17 0.17 -0.17 | 017 | -0.19 | 019 | -0.22 | 0.22 | -0.22 | 0.22 | UI* | 6,10
tbQ2DQ Rx Mask DQ to DQ offset - 0.1 - 0.1 - 0.105 - 0.115 - 0.125 | UI 7

Input Slew Rate over VdIVW

if tCK >=0 937ns 1.0 9 1.0 9 1.0 9 1.0 9 1.0 9 Vins | 8,10
srr1, srf1

Input Slew Rate over VdIVW

if 0.937ns > tCK >= 0.625ns - - 1.256 9 1.25 9 1.25 9 1.25 9 Vins | 8,10

Rising Input Slew Rate 0.2*srr 0.2*srr 0.2*srr 0.2*srr 0.2*srr
s2 over 1/2 VIHL_AC 1 9 1 9 1 9 1 9 1 9 |Vins| 910

Falling Input Slew Rate 0.2*srf 0.2*srf 0.2*srr 0.2*srr 0.2*srr
sri2 over 1/2 VIHL_AC 1 o 1 o 1 o 1 o 1 9 | Vins| 910

* Ul=tck(avg)min/2

NOTE :

1) Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(midpoint) after VrefDQ training is completed. The data Rx mask is
applied per bit and should include voltage and temperature drift terms. The input buffer design specification is to achieve at least a BER = e-16 when the RxMask is not
violated. .

2) Defined over the DQ internal Vref range 1.
3) See Overshoot and Undershoot Specifications.

4) DQ input pulse signal swing into the receiver must meet or exceed VIHL AC(min). VIHL_AC(min) is to be achieved on an Ul basis when a rising and falling edge occur in the
same Ul, i.e. a valid TdiPW.

) DQ minimum input pulse width defined at the Vcent_DQ(midpoint).

) DQS to DQ offset is skew between DQS and DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over process, voltage, and temperature.

) DQ to DQ offset is skew between DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given component over process, voltage, and temperature.

) Input slew rate over VdIVW Mask centered at Vcent_DQ(midpoint). Slowest DQ slew rate to fastest DQ slew rate per transition edge must be within 1.7 V/ns of each other.
) Input slew rate between VdIVW Mask edge and VIHL_AC(min) points.

10) All Rx Mask specifications must be satisfied for each Ul. For example, if the minimum input pulse width is violated when satisfying TdiVW(min), VdiVW(max), and minimum
slew rate limits, then either TdiVW(min) or minimum slew rates would have to be increased to the point where the minimum input pulse width would no longer be violated.
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17.3 Command, Control, and Address Setup, Hold, and Derating

The total tIS (setup time) and tIH (hold time) required is calculated to account for slew rate variation by adding the data sheet tIS (base) values, the
VIL(AC)/VIH(AC) points, and tIH (base) values, the VIL(DC)/VIH(DC) points; to the AtlS and AtlH derating values, respectively. The base values are
derived with single-end signals at 1V/ns and differential clock at 2V/ns. Example: tIS (total setup time) = tIS (base) + AtlS.

For a valid transition, the input signal has to remain above/below VIH(AC)/VIL(AC) for the time defined by tVAC.

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have reached VIH(AC)/ VIL(AC) at the time of
the rising clock transition), a valid input signal is still required to complete the transition and to reach VIH(AC)/ VIL(AC). For slew rates that fall between
the values listed in derating tables, the derating values may be obtained by linear interpolation.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC)max and the first crossing of VIH(AC)min
that does not ring back below VIH(DC)min. Setup (tIS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
VIH(DC)min and the first crossing of VIL(AC)max that does not ring back above VIL(DC)max. Hold (tlH) nominal slew rate for a rising signal is defined as
the slew rate between the last crossing of VIL(DC)max and the first crossing of VIH(AC)min that does not ring back below VIH(DC)min. Hold (tIH) nominal
slew rate for a falling signal is defined as the slew rate between the last crossing of VIH(DC)min and the first crossing of VIL(AC)minthat does not ring
back above VIL(DC)max.

[Table 59] Command, Address, Control Setup and Hold Values

DDR4 ‘ 1600 1866 2133 2400 ‘ 2666 2933 3200 Unit Reference ‘
t1S(base, AC100) 115 100 80 62 - - - ps VIH/L(ac)
tiH(base, DC75) 140 125 105 87 - - - ps VIH/L(dc)
tIS(base, AC 90) - - - - 55 48 40 ps VIH/L(ac)
tiH(base, DC 65) - - - - 80 73 65 ps VIH/L(dc)
tIS/tIH @ VREF 215 200 180 162 145 138 130 ps

NOTE :
1) Base ac/dc referenced for 1V/ns slew rate and 2 V/ns clock slew rate.
2) Values listed are referenced only; applicable limits are defined elsewhere.

[Table 60] Command, Address, Control Input Voltage Values

1866 2133
VIH.CA(AC)min 100 100 100 100 90 90 90 mV VIH/L(ac)
VIH.CA(DC)min 75 75 75 75 65 65 65 mvV VIH/L(dc)
VIL.CA(DC)max 75 75 75 75 -65 -65 -65 mv VIH/L(dc)
VIL.CA(AC)max -100 -100 -100 -100 -90 -90 -90 mv VIH/L(ac)

NOTE :
1) Command, Address, Control input levels relative to VREFCA.
2) Values listed are referenced only; applicable limits are defined elsewhere.
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[Table 61] Derating values DDR4-1600/1866/2133/2400 tIS/tIH - ac/dc based
AtIS, AlH derating in [ps] AC/DC based "
CK_t, CK_c Differential Slew Rate

10Vins 8Vins 6V/ns aVns  3.0Vins 2.0V/ns \ 1.5Vins 1Vins
AUS AtH AUS AUH AUS AHH ANS AtH AUS ANH AHS AHH  AHS  AtH  AUS  AtH

7 76 | 54 | 76 | 55 | 77 | 56 | 79 | 58 | 82 | 60 | 8 | e4 | 94 | 73 | 111 | 89
6 73 | 53 | 74 | 53 | 75 | 54 | 77 | 56 | 79 | 58 | 83 | €3 | 92 | 71 | 108 | 88
5 70 | 50 | 71 | 51 | 72 | 52 | 74 | 54 | 76 | 56 | 8 | eo | 88 | 68 | 105 | 85
4 65 | 46 | 66 | 47 | 67 | 48 | 69 | 50 | 71 | 52 | 75 | 56 | 8 | 65 | 100 | 81
emp, |3 57 | 40 | 57 | 41 | 58 | 42 | 60 | 44 | 63 | 46 | 67 | 50 | 75 | 58 | 92 | 75
ADDR,| 2 40 | 28 | 41 | 28 | 42 | 20 | 44 | 31 | 46 | 33 | 50 | 38 | 58 | 46 | 75 | 63
CIEka'J-t 15 | 23 | 15 | 24 | 16 | 25 | 17 | 27 | 19 | 20 | 21 33 | 25 | 42 | 33 | 58 | 50
Slew | 1 10 | 10 | 9 | -9 8 8 6 | -6 4 4 0 0 8 8 25 | 25
ratt | 09 | 17 | 14 | 16 | 14 | 15 | 43 | 43 | 10 | 11 | -8 7 | 4 1 4 18 | 21
Vins o8 | 26 | 19 | 25 | 19 | 24 | <18 | 22 | <16 | 20 | 14 | -6 | -9 7 o 9 16
07 | 37 | 26 | 3 | 25 | 35 | 24 | 33 | 22 | 31 | 20 | 27 | 16 | 18 | -8 2 9
06 | 52 | 35 | 51 | 34 | 50 | 33 | 48 | 31 | 46 | 29 | 42 | 25 | 33 | 47 | 17 | o0
05 | 73 | 48 | 72 | 47 | 71 | 46 | 69 | 44 | 67 | 42 | 63 | 38 | 54 | 29 | -38 | -13
04 | -104 | 66 | 103 | 66 | 102 | 65 | 100 | 63 | -98 | 60 | 94 | -56 | -85 | -48 | -69 | -31
NOTE :

1) VIH/L(ac) = +/-100mV, VIH/L(dc) = +/-75mV; relative to VREFCA.

[Table 62] Derating values DDR4-2666/3200 tIS/tIH - ac/dc based
AtIS, AlH derating in [ps] AC/DC based "

CK_t, CK_c Differential Slew Rate

10Vins 8Vins 6Vins 4Vins ‘ 3.0V/ns 2.0V/ns 1.5Vins 1Vins

AIS  AtlH AtS AtH AHS  AtH AtIS  AtH AtlS  AtH

7 68 | 47 | 69 | 47 | 70 | 48 | 72 | 50 | 73 | 52 | 77 | 56 | 8 | 63 | 100 | 78

6 66 | 45 | 67 | 46 | 68 | 47 | 69 | 49 | 71 | 50 | 75 | 54 | 8 | 62 | 98 | 77

5 63 | 43 | 64 | 44 | 65 | 45 | 66 | 46 | 68 | 48 | 72 | 52 | 80 | 60 | 95 | 75

4 59 | 40 | 59 | 40 | 60 | 41 | 62 | 43 | 64 | 45 | 68 | 49 | 75 | 56 | 90 | 71

omp, |3 51 | 34 | 52 | 35 | 53 | 3 | 54 | 38 | 56 | 40 | 60 | 43 | 68 | 51 | 83 | e6

ADDR,| 2 3 | 24 | 37 | 24 | 38 | 25 | 39 | 27 | 41 | 20 | 45 | 33 | 53 | 40 | €8 | 55

CIEpTJ-t 15 | 21 13 | 22 | 13 | 23 | 14 | 24 | 16 | 26 | 18 | 30 | 22 | 38 | 20 | 53 | 44

Sew | 1 9 | 9 | 8| 8| 8| 8| 6| 6 | 4 | 4 0 0 8 8 23 | 23

ratte | 09 | 15 | 13 | 45 | 12 | 14 | <41 | 42 | 9 | 0| 7 | 6 | -4 1 4 16 | 19

Vins og [ 23 | car | 23 | a7 | 22 | a6 | 20 | 14 | e | 2 [ s | s | 7 | 4 8 14

07 | 34 | 23 | 33 | 22 | 32 | 21 | 30 | 20 | 28 | 18 | 25 | <14 | 47 | & | =2 9

06 | -47 | 31 | 47 | 30 | -46 | 20 | 44 | 27 | 42 | 25 | 38 | 22 | 31 | 14 | 16 | 1

05 | 67 | 42 | o6 | 41 | -65 | 40 | 63 | 38 | -61 | 36 | 58 | 33 | -50 | 25 | 35 | -10

04 | 95 | 58 | 95 | 57 | 04 | 56 | 92 | 54 | 90 | 53 | 86 | -49 | -79 | -41 | 64 | -26
NOTE :

1) VIH/L(ac) = +/-90 mV, VIH/L(dc) = +/- 65 mV; relative to VREFCA
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17.4 DDR4 Function Matrix

DDR4 SDRAM has several features supported by ORG and also by Speed. The following Table is the summary of the features.

[Table 63] Function Matrix (By ORG. V:Supported, Blank:Not supported)

Functions

Write Leveling

x4

x
(=]

NOTE

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

Multi Purpose Register

< < << <

Data Mask

Data Bus Inversion

TDQS

ZQ calibration

DQ Vref Training

Per DRAM Addressability

Mode Register Readout

CAL

WRITE CRC

CA Parity

Control Gear Down Mode

Programmable Preamble

Maximum Power Down Mode

Additive Latency

< < <1 <1< <[ <[ <] <1< <

< < <1 <1 <I << << << << < << <I<I<

[Table 64] Function Matrix (By Speed. V:Supported, Blank:Not supported)

Functions

Write Leveling

DLL Off mode

equal or slower
than 250Mbps

1600/1866/2133
Mbps

<

DLL On mode

2400Mbps

NOTE
2666/3200Mbps

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

Multi Purpose Register

Data Mask

Data Bus Inversion

< <| << <| <

TDQS

ZQ calibration

<

DQ Vref Training

Per DRAM Addressability

Mode Register Readout

CAL

WRITE CRC

CA Parity

< < <1< << << <1 << << <

< <) <1< <[ <[ <) <1< << << <1<

Control Gear Down Mode

Programmable Preamble (= 2tCK)

<

Maximum Power Down Mode

<|<| <l <|<| <] <] <| <] <] <| <] <] <| <] <] <] <
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18. PHYSICAL DIMENSIONS
18.1 2Gx8 based 2Gx64 Module (1 Rank) - SMS4WEC8C2J2446SAG

Units: Millimeters
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Detail A Detail B

The used device is 2G x8 DDR4 SDRAM, Flip-Chip.
DDR4 SDRAM Part NO: SDQAAG6WO8XCWE7NIT

NOTE :
1) Tolerances on all dimensions +0.15 unless otherwise specified.
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Product Brief intel

Intel® Wireless-AC 9462
1st Generation Integrated' Intel Wireless 802.11ac, Dual Band, 1x1 Wi-Fi + Bluetooth® 5.1, Diversity Antenna

Intel® Wireless-AC 9462 Module

Integrated' Wi-Fi and Bluetooth®. Optimized Solution for System Design.

Intel® Wireless-AC 9462 adapter is a CRF 2 (Companion RF module)
supporting the first-generation integrated Intel wireless 802.11ac solution
comprised of CNVi3and a CRF. The solution provides Bluetooth® 5.1 and 1x1
802.11ac Wi-Fi, including wave 2 features such as downlink MU-MIMO. It
offers enhanced features such as antenna diversity, and is more cost-
effective than the previous-gen Intel 802.11ac 1x1 products. Combined with
Intel® Core™ processors and exceptional Intel wireless innovations, the Intel
Wireless-AC 9462 dramatically improves your connected experience at
home, work, or on the go.

1°* Generation Integrated 802.11AC Wireless

Faster Speed Delivers up to 3x faster Wi-Fi speed (up to 433 Mbps) than 1x1 802.11n, with up to 3x bandwidth
Better Coverage for more users and devices.* Advanced optional 802.11ac specification features and improved RF
Larger Capacity KPIs that enhance channel reliability and Wi-Fi performance result in better coverage and user
802.11ac, 1x1, Dual Band, experience. Intel® Wireless-AC 9462 enables smooth streaming of high-resolution videos, fewer
80MHz, MU-MIMO dropped connections and less congestion, and fast speeds farther away from the router.

Downlink MU-MIMO allows an access point to simultaneously transmit data to multiple clients
and can improve overall downlink network capacity potentially by over 3x>

Bluetooth® 5.1 Bluetooth® 5.1 provides 4x®range over Bluetooth® 4.2 with the same power, enabling coverage
throughout the home. Bluetooth® 5.1 also doubles the transmit speed for faster transmissions,
thereby reducing the overall power®. Bluetooth® 5.1 also adds new enhanced data broadcasting
enabling seamless services such as location- based services and simpler pairing for Bluetooth®
wireless technology enabled products.

Antenna Diversity The Intel® Wireless-AC 9462 adapter can be used in dual antenna platforms and provides
antenna diversity support. This means the adapter dynamically chooses the better antenna to
connect to and provides a robust connection for the platform.

Microsoft* Windows* Full support for the latest Microsoft* Windows 10, Windows 11* OS.
Form Factors M.2 2230 modules enable system configuration and platform usage flexibility with the use of a
(M.2 2230 and 1216) standard Key E socket for attaching the module.

M.2 1216 modules enable platform design optimization with the use of an Intel® CNVi interface
between the integrated MAC and integrated Intel® Wireless-AC 9462 module, providing savings
on motherboard space, BOM, PCle and DP lanes, plus allowing for flexible motherboard routing
up to 10"

597749 v4 1



Product Brief | Intel® Wireless-AC 9462 Module

Experience the Intel® Difference

Worldwide Regulatory Support Enables worldwide regulatory compliance on a single adapter SKU. The Intel® Wireless-AC 9462

Intel® Dynamic Regulatory

Solution

detects its location and automatically optimizes the Wi-Fi settings to local regulatory requirements,
maximizing performance in each geography and simplifying travel experience and global enterprise
procurement. Future regulatory changes are easily managed during the product life cycle.

Wireless Functionality in
Pre-boot Environment

Support for Wi-Fi network and Bluetooth® Low Energy Human Interface Device (HID) connectivity in
the platform’s Unified Extensible Firmware Interface (UEFI) environment during its boot stage. This
capability enables use cases like OS recovery over Wi-Fi and Bluetooth® Low Energy-based
keyboard and mouse connectivity in this pre-boot environment.

Wirelessly Project to the
Big Screen

Watch your 2-in-1 or laptop content instantly without wires on the big HD screen with stunning
image clarity and sound using Wi-Fi Miracast*. Stream movies, videos, games, photos, connect with
friends, and more—experience it all, bigger and better than ever.

Intel® Wireless-AC 9260 Module Technical Specifications

GENERAL

Dimensions (H x W x D)

M.2 2230: 22 mm x 30 mm x 2.4 mm [1.5mm Max (Top Side)/0.Tmm Max (Bottom Side)]
M.2 1216: 12 mm x 16 mm x 1.57 (+-0.08) mm

Weight M.2 2230: 2.70g
M.2 1216:0.7g
Antenna Diversity Supported
Radio ON/OFF Control Supported
Connector Interface M.2: CNVio
Operating Temperature 0°C to +80°C

(Adapter Shield)

Humidity Non-Operating

50% to 90% RH noncondensing (at temperatures of 25°C to 35°C)

Operating Systems

Microsoft* Windows 11%*, Microsoft* Windows 10*, Linux* (limited feature support)

Wi-Fi Alliance

Wi-Fi CERTIFIED* a/b/g/n/ac with wave 2 features, WMM* WMM-PS* WPA2* WPA3* WPS2*
Protected Management Frames, and Wi-Fi Direct* (For Microsoft Windows* only)

IEEE WLAN Standard

IEEE 802.11a/b/g/n/ac, 802.11d, 802.11e,802.11h, 802.11i, 802.11w; 802.11r,
802.11k, 802.11v pending OS support; Fine Timing Measurement based on 802.11REVmc

Roaming?’

Supports seamless roaming between access points

Bluetooth®

Bluetooth® 5.1

SECURITY FEATURES?

Authentication

WPA2* and WPA3* 802.1X (EAP-TLS, TTLS, PEAP, EAP-SIM, EAP-AKA, EAP-AKA’)

Authentication Protocols

PAP, CHAP, TLS, MS-CHAP*, MS-CHAPv2

Encryption

128-bit AES-CCMP, 256-bit AES-GCMP

Wi-Fi Direct* Encryption and

Authentication

WPA2-PSK, AES-CCMP

COMPLIANCE

Regulatory

For a list of country approvals, please contact your local Intel representatives.

US Government

FIPS®, FISMA

Product Safety

UL, C-UL, CB (IEC 60950-1)

597749 v4



Product Brief | Intel® Wireless-AC 9462 Module

Product Name Model Number Version
Intel® Wireless-AC 9462 9462NGW 802.11ac wave2, 1x1, Bluetooth® 5.1, PCle, USB, M.2 2230, Diversity Antenna
9462D2W 802.11ac wavez2, 1x1, Bluetooth® 5.1, PCle, USB, M.2 1216, Diversity Antenna

For more information on Intel® Wireless products, visit intel.com/wireless

(=] 7% (=]
-
=]

intel.

Integrated: Solution comprised of CNVi and a CRF.

CRF: Companion RF module in M.2 form factor supporting integrated solution.

CNVi: Refers to the integrated wireless IP portion residing in the SOC/PCH.

Compared to 802.11n 40MHz channels, 802.11ac 80MHz provides 3x more bandwidth per stream (Max data rate for 802.11n 40MHz channels is

150 Mbps; Max data rate for 802.11ac 80Mhz channels is 433 Mbps).

5 802.11ac downlink MU-MIMO technology allows concurrently serving multiple devices simultaneously, in turn increasing network capacity

potentially by over 3x while improving per-user throughput based on industry standards.

Bluetooth® 5.1 Feature Overview, https://3pl46c46ctx02p7rzdsvsg21-wpengine.netdna-ssl.com/wp-

content/uploads/2019/03/1901_Feature_Overview_Brief FINAL.pdf

7 Roaming is supported only within each respective band and mode of access points.

8 Some security solutions may not be supported by your device operating system and/or by your device manufacturer. Check with your device
manufacturer for details onavailability.

9 On Microsoft* Windows*.

AW -

The Bluetooth® word mark and logos are registered trademarks owned by the Bluetooth SIG, Inc. and any use of such marks by Intel Corporation is
under license.

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect
actual performance. Consult other sources of information to evaluate performance as you consider your purchase. For more complete information
about performance and benchmark results, visit www.intel.com/benchmarks.

Estimated results were obtained prior to implementation of recent software patches and firmware updates intended to address exploits referred to as
"Spectre" and "Meltdown". Implementation of these updates may make these results inapplicable to your device or system.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability, fitness for a particular
purpose, and non-infringement, as well as any warranty arising from course of performance, course of dealing, or usage in trade. Intel may make
changes to specifications and product descriptions at any time, without notice. For the most current product information, please visit

http://www.intel.com/wireless.

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations,
may affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

This device has not been authorized as required by the rules of the Federal Communications Commission. This device is not, and may not be, offered
for sale or lease, or sold or leased, until authorization is obtained.

Intel, the Intel logo, are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries.
* Other names and brands may be claimed as the property of others.

Copyright © Intel Corporation. All rights reserved.
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M.2 2280 PCle SSD
SM2P32A8

ADATA

X,

M.2 2280 PCle SS

8 e s =

(Photo for reference only.)

Version 1.5
May. 30, 2022

SM2P32A8
256GB, 512GB, 1TB

Proprietary and Confidential
All information, materials and content available in this document are protected by copyrights and other intellectual property rights of ADATA
Technology Co., Ltd., all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms
without permission from ADATA Technology Co., Ltd.

All information, materials and content availa ble in this document are protected by copyrights and other intellectual property rights of ADATA Technology Co., Ltd.,
all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms without permission from ADATA
Technology Co., Ltd.



M.2 2280 PCle SSD
SM2P32A8

General Description

To replace the SATA SSD, look no further than the SM2P32A8 PCle Gen3x4 M.2 2280
SSD. Supporting NVMe 1.3, equipped with 3D NAND Flash TLC, and coming with up to
1TB capacity, the SM2P32A8 is a great upgrade choice.

Featuring HMB (Host Memory Buffer) and SLC Caching, the SM2P32A8 accelerates
read/write speeds up to 3400/2100MB/s and delivers random performance of up to
100K/190K IOPS.

Whether booting, gaming or transferring large files, the SM2P32A8 accomplish them
quickly and effectively.

The SM2P32A8 utilizes LDPC (Low-Density Parity-Check) error correcting code
technology to detect and fix a wider range of data errors for more reliable data transfers
and a longer product lifespan. Also, it is suitable for desktop and notebook PCs. As there’s
no need for cumbersome installation, you can immediately experience the high speed
and smoothness of a PCle SSD.

All information, materials and content availa ble in this document are protected by copyrights and other intellectual property rights of ADATA Technology Co., Ltd.,
all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms without permission from ADATA
Technology Co., Ltd.



M.2 2280 PCle SSD
SM2P32A8

Key Features

® Capacity:

> 256GB, 512GB, 1TB
NAND Flash: 3D NAND
Class 35 SSD

Form Factor: M.2 2280 PCle

Host Interface:

» PCle Gen 3 (8Gb/s) x 4 Lane
» Compliant with NVMe 1.3 register
interface and command set

» Compliant with PCle Express 3.1

Flash Management:

LDPC ECC Engine
Wear leveling

Bad block Management
Garbage collection

TRIM Command

YV Vv YV VvV VY V

SLC Cache Technology

Security:

» AES 256 supported
Data Integrity:

» Thermal throttling

» S.M.A.R.T. monitor

Performance:

>
>
>
>

Sequential Read: Up to 3400 MB/s
Sequential Write: Up to 2100 MB/s
Random 4K Read: Up to 100K IOPS
Random 4K Write: Up to 190K IOPS

Power Consumption:

YV V VY V V

LO : 0.55w

L1:0.04w
L1.2:0.0013w
SR/SW : 1.61w/2.63w
RR/RW: 1.59w/1.77w

Temperature:

>
>

Standard: 0°C ~ 70°C
Non-operation: -40°C ~ 85°C

Reliability:

>

YV V VY V

Shock: 1500G/0.5ms

Vibration 20G Peak, 10~2000Hz
MTBF: 2,000,000 hours

Power on/off cycles: 50,000

Uncorrectable Bit Error Rate(UBER):
10-15

Endurance:

>

TBW: Up to 960TB

All information, materials and content availa ble in this document are protected by copyrights and other intellectual property rights of ADATA Technology Co., Ltd.,
all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms without permission from ADATA

Technology Co., Ltd.



M.2 2280 PCle SSD

SM2P32A8
Product Specifications
Interface and Configurations
*Compliant with PCI Express M.2 Specification Revision
«Compliant with NVMe 1.3 register interface and command set.
*Compliant with PCle Express 3.1
Capacity
User Addressable Sectors
Model SM2P32A8
Unformatted Capacity 256GB 512GB 1TB
Total User Addressable Sectors
500,118,192 1,000,215,216 2.000,409,264
(LBA Mode)
Total useable capacity may be less (duo to formatting, flash management, and other functions).
1GB=1,000,000,000 bytes; 1sector = 512bytes
Performance
ATTO Performance
Table Read/Write Performance (ATTO)
256GB 512GB 1TB Unit
Sequential Read 3100 3300 3300 MB/s
Sequential Write 1500 1900 2000 MB/s
-Seq. Read & Write speed test by ATTO
-The system conditions and test environment may affect test result
CDM Performance
Read/Write Performance (CDM)
256GB 512GB 1TB Unit
Sequential Q32 Read 3100 3400 3400 MB/s
Sequential Q32 Write 1500 1900 2100 MB/s
4K-QD64 Read 380 370 390 MB/s
4K-QD64 Write 540 530 540 MB/s

-Seq. Read & Write speed test by Crystal Disk Mark 6.0.2

All information, materials and content availa ble in this document are protected by copyrights and other intellectual property rights of ADATA Technology Co., Ltd.,
all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms without permission from ADATA

Technology Co., Ltd.



M.2 2280 PCle SSD

SM2P32A8
Product Line up
Product Lineup
Model Name Capacity Type Remark
SM2P32A8-256GC 256GB M.2 PCle
SM2P32A8-512GC 512GB M.2 PCle 0°C~70°C
SM2P32A8-001TC 1TB M.2 PCle
Model Name Coding Rule
*Model Name sPart Number
Application: | | I‘ Ij_‘_l ‘
»S: SI
v - Capacity: OP. Temperature:
nterface 2 » : »C: O~T0°C
SP3: pcIE B0 || Comtrober 5126 : 51268
e Dimension: »0017: 178
Form Factor: o »8:2280(M.2)
»M2: M2
Controlier Model Code: 1~9;
AnZ
# A RTS5766DL
Label Pictures
-~ as N\
ADATA ADATA ADATA
SM2P32A8 256GC SM2P32A8-512GC SM2P32A8.001TC
FW Version: VC0S0304 FW Version: VCDS0304 FW Version: VCOS0304
SIN: 000000000 SIN: 30000000000 SN X000COO0OXX
A0 O OO0 0 00 00 0 A0 A A O OO A 00 00 0 0 A0 O A O O A O 0 00 00 00
Rated Voltage/Current: 3.3V &5 2.5A Rated Voltage/Current; 3.3V &5 2.5A Rated Voltage/Current: 3.3V &5 2.5A
Made in Chjwr‘\wamIl e X e:.m Made in China ped &n Macle in China b4 &
‘.\ D E — /J ‘._\_ WARRANTY VDID F REMOVED e / \ WARRANTY VOID F REMOVED s /J

All information, materials and content availa ble in this document are protected by copyrights and other intellectual property rights of ADATA Technology Co., Ltd.,
all rights are strictly reserved. Any portion of this document shall not be reproduced, copied, or translated to any other forms without permission from ADATA

Technology Co., Ltd.



POSITIVO MALETA

Maleta/Pasta Slim para Notebooks de até 15,6"”

compliant

Produzida com um mix de materiais resistentes mantendo a leveza e a praticidade

Descricao Maleta/Pasta Slim para notebook, em nylon, com alga de ombro removivel
Peso 0,450 kg
Medidas (LxAxP) 5,3 x 33 x 40 cm (aproximadamente)

Compartimento acolchoado com ziper duplo e divisor de documentos

Bolso frontal com ziper que armazena telefone, carregador e outros acessorios

Alga de ombro ajustavel e removivel

Lo Alga traseira para acoplar malas de mao

Caracteristicas ) .
Design leve e slim
Compativel com notebooks de até 15,6"
Material impermeavel

Alga Carona
Cor Preto

Fabricante Positivo Tecnologia S/A

tivo Tecnologia - Apresentacdo oficial de produto dirigida ao mercado. Sujeito a alteragdes sem prévio aviso. Rev. 03



Universal Security Keyed Cable Lock k\( EVERTOP

TS_ C LO1 s METAL PRODUCTS CO.,LTD

Product Data Sheet

It is suitable for all PCS, laptops and some stands with universal cable lock keyhole. This Universal
Security Cable lock has a loop-ended cable made of galvanized steel. Simply tether the cable lock to a
secure and stationary object, like a desk or table.

Features:

Keyed T-Bar Lock Design.

Compatible with Kensington standard.
Galvanized Steel Cable.

2meters.

Cable thickness 4mm.

Loop Ended Cable for "Anywhere" Tethering.
Comes with 2 lock keys.

Option of keys with different secrets.

ONOOA LN



Universal Security Keyed Cable Lock EVERTOP

TS - C LO 1 METAL PRODUCTS CO.,LTD
Technical Specifications Product Data Sheet
ltem
TS-CLO1
Number
Product Total length 2 meters
Dimensions
Cable diameter 4mm
Inner wire diameter 3mm
Lock head 28.5*28.5"20mm
Product Lock head Zinc alloy and Steel
Material
Cable inner wire Steel
Cable outer PVC
Key ABS & Zinc alloy
Certificate Rohs
Count
Y China

of Origin



POSITIVO

MOUSE

Versatil com resposta rapida e precisa, funciona sobre qualquer superficie

Otico (LED) / 1.000 dpi / Ambidestro

Modelo
Tipo

Interface

Botdes

Resolugao

Forca Operacional

Configuragao
Recursos

Comprimento do cabo

Dimensoes

Peso

Cor
Compatibilidade
Seguranga
Norma

Fabricante

SM-6620
Otico (LED)
USB 2.0 Tipo A

3 botdes incluindo botdo de rolagem (wheel)
Entrada P2 3.5 mm para acionadores externos (opcional)

1.000 dpi

Botdes (esquerda/direita): 75+25 gf
Botdo whell: 180+50 gf

Ambidestro com pegada Palm
Plug and Play
1,8m

Largura de 65mm
Comprimento de 117mm
Altura de 36mm

90g

Preto

Windows XP, Vista, 7, 8/8.1, 10, 11 e Linux
FCC, CE

Compativel com normativa RoHS

Positivo Tecnologia S/A

© 2021 Positivo Tecnologia -Apresentagao oficial de produto dirigida ao mercado. Alterado em Junho de 2023. Sujeito a alteragSes sem prévio aviso. Rev. 12



Ta AU-

Certificado de Conformidade

Certificate of Compliance

N2: OFF 1042-20-10

Data de Emissdo: 10/11/2022 Valido até:

Date of Issue Valid Term

09/11/2025

Fornecedor (Solicitante): Positivo Tecnologia S.A.

Supplier (Applicant)

Rua Javari, 1255 - Bairro Distrito Industrial - 69075-110 - Manaus — AM —
Brasil.
CNPJ: 81.243.735/0019-77

Fabricante: Positivo Tecnologia S.A.
Manufacturer Rua Javari, 1255 - Bairro Distrito Industrial - 69075-110 - Manaus — AM —
Brasil.
CNPJ: 81.243.735/0019-77
Produto: Computador Portatil - Notebook
Product
Marca: Positivo
Brand
Modelo: VAIO FE14
Model VAIO FE15
VAIO Pro PW
VAIO Pro PX
VAIO FH15
Familia: Computador Portatil - Notebook
Family
Descri¢ao: Conforme Anexo Relacdo de Componentes Criticos.
Description
Cédigo de Barras: N/A
Barcode

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.

Certificado de Conformidade valido somente acompanhado das paginas de 1 a 9
FT&A 022 IT&A 002 Rev.01 Pagina 1 de9



Ta AU-

Certificado de Conformidade

Certificate of Compliance

N2: OFF 1042-20-10

Data de Emissdo: Valido até:

Date of Issue 10/11/2022 Valid Term 09/11/2025
Normas/Portarias: Norma/Ordinance Ano de Publicagao/ Publication’ Year
Standards/Ordinances Portaria Inmetro n° 170 10 de abril de 2012
IEC 60950-1 2013
CISPR 22 2008
CISPR 24 2010
IEC 61000-3-2 2014
IEC 61000-3-3 2013
IEC 61000-4-2 2008
IEC 61000-4-3 2010
IEC 61000-4-4 2012
IEC 61000-4-5 2014
IEC 61000-4-6 2013
IEC 61000-4-8 2009
IEC 61000-4-11 2020
Modelo de Certificagao: Modelo 05
Certification model
Data da Auditoria: 19/05/2022
Date of the Audit
Laboratério de Ensaios: Relatdrio de Ensaios n2: Data de Emissao:
Testing Laboratory Report N° Date of Issue
CertLab — Laboratério de Ensaios Elétricos e CERTLAB-EFE-23248-21-01A-Rev0 18/01/2022
Magnéticos.
CN22XHDZ 001 07/03/2022
CN22CF7P 001 24/04/2022
Shenzhen LCS Compliance Testing Laboratory Ltd. | CN22JMS8L 001 06/09/2022
CN22IRXX 001 06/09/2022
CN22DTQ7 001 06/09/2022
CN21CSF8 001 22/03/2022
CN2140HZ 001 03/03/2022
TUV Rheinland (Shenzhen) Co., Ltd. CN22M2EH 001 18/08/2022
CN222VPM 001 18/08/2022

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.

Certificado de Conformidade valido somente acompanhado das paginas de 1 a 9
FT&A 022 IT&A 002 Rev.01 Pagina 2 de 9



Certificagao
de Produto

BR
| &A -
OCP 0159
Certificate of Compliance
N2: OFF 1042-20-10
Data de Emissao: Valido até:
Date of Issue 10/11/2022 Valid Term 09/11/2025
CN22734L 001 18/08/2022
Instituto de Pesquisas Eldorado — Laboratério de LET-ENE-RE 2395-11270-01-C - 0100 23/08/2022
Ensaios e Testes LET-ENE-RE 2395-10963-01-C—-01.00 @ 27/07/2022
Spectrum Research & Testing Laboratory Inc. LVDA21111005 18/01/2022
EMCA21111005 18/01/2022
Pontificia Universidade Catdlica do Rio Grande NR ITEO45/2022 09/09/2022
do Sul - PUC/RS ITE 0051/2022 22/09/2022
ITE 0036/2023 06/10/2023
Data de Revisao: Justificativa de Revisao:
Review date Review reason

Inclusdo do modelo VAIO FH15 e Componentes Criticos Bateria NP50BAT-4-54,
NP50BAT-4-54, NP50BAT-4-54; DC FAN DFS5L32G16486P, DFS5K22115371U,
DFS5K22305283Q, DFS5K223052831, NB800805HHT4B0O1F22; LCD NV156FHM-N4K,
B156HANO02.1, N156HCE-EN1, LM156LF2F, LP156WFG, LQ156M1JW07, ATNA56WRO01;

PP Placa Mae CLEVO, VAIO; AC Adapter PA-1151-76CL e PA-1121-76CL; LCD NV156FHM-NX4,
NV156FHM-N48, N156HCA-EAB e LP156WFJ-SPB4.
Atualizagao do modelo VAIO FE15 e inclusdo dos Componentes Criticos DC FAN
B65D5HC21D8 e Placa Mae VAIO e BMORN 132 Geragado.

17/11/2023 Inclusao dos Componentes Criticos NAS50805HHT4B01F22; PA-1121-76 e Relatdrio de

Ensaio ITE 0036/2023.

Nota:  Avalidade deste Certificado estd atrelada a realizagdo das avaliagbes de manutencdo e tratamento de possiveis ndo
Note conformidades de acordo com as orientagdes do OAC e previstas no RAC especifico da Portaria n° 170 de 2012”.
Lista de componentes criticos consta no Anexo A, paginas5a 9.
“Certificado de Conformidade valido somente acompanhado de todas as suas paginas”.

AL
SANDRO st ol suos,
M EN D ES D EEVE;N%ZSCQE:E&SANDHO
OLIVEIRA:4 &t Beee,
0180876830 &k
:

izagao:
Data: 2023.11.17 14:56:22-0300"
Foxit PDF Reader Versdo: 2023.2.0

<

Alex Oliveira
Gerente Geral
"A Cgcre é signataria do Acordo de Reconhecimento Multilateral do IAF para Certificagdo de Produtos”

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.
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N2: OFF 1042-20-10

Data de Emissdo: Valido até:

Date of Issue 10/11/2022 Valid Term 09/11/2025
Anexo A - Relagdo de Componentes Criticos
Componente | Fabricante Modelo Dados Técnicos
ADAPT AC/DC TYPE ENTRADA 100 - 240V $29A00
1,2A. SAIDA 19V 2,1A
VAIO Adapter PA-1650-90 65W
Adapter PA-1450-36 45W
Adapter DA-40B19-ECAN 40W
FRECON Adapter F40-190210SPA 40W
AdapterA13-040N3A 40W
CHICONY
Adapter A12-040N2A - Chicony 40W
Fonte de
Alimentacdo | SALCOMP Adapter S29A00P0A 40W
HUNTKEY Adapter HKA03619021-8L 39,9W
JUKE Adapter-190210KV 40W
VAIO CLARK ADAPT AC/DC TYPE C 65W 3P SHU 65W
Adapter PA-1450-26BA 45w
Adapter PA-1650-90 65W
LITEON
Adapter PA-1450-36 45W
Adapter PA-1151-76CL 150W

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.

Certificado de Conformidade valido somente acompanhado das paginas de 1a 9
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Data de Emissdo:

N2: OFF 1042-20-10

Valido até:

Date of Issue 10/11/2022 Valid Term 09/11/2025
Adapter PA-1121-76xx
(XX onde pode variar de nulo ou inexistente, | 120W
0Oa9eAa?)
VENTILADOR N15WP6 EE_fan _N15WP6_rpm

5400RPM 4PIN

5400+£10%rpm_5v 0.45A_001x4

NFB75A05H-004

BlowerFan_5V_5200rpm_4PIN

VENTILADOR _60x55x6mm_CCW_3.6CFM_LCP
5200RPM 4PIN
B65D5HC208
DFS5L32G16486P 5Vdc, 0.5A, 7.8CFM MINIMUM
DCFAN DFS5K22115371U 5Vdc, 0.5A, 9.27CFM MINIMUM
FORCRESN DFS5K22305283Q 5Vdc, 0.5A, 7.56CFM MINIMUM
DFS5K223052831 5Vdc, 0.5A, 9.45CFM MINIMUM
KUNSHAN NB800805HHT4B0O1F22 5Vdc, 0.5A, 9.29CFM MINIMUM
DONGGUAN B65D5HC21D8 DC5V 0.50A
YINGFAN NA850805HHT4B01F22 DC5V 0.5A
BATER N/D N/D 3300MAH BMORN MONT 37WH
Ganfeng
525290 3650mAh / 41.61Wh Rating
BATERIA Voltage: 11.4V Limited Charge
Voltage: 13.05V
VAIO CLARK 4000MAH 13.05V VAIO CLARK 46WH

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —

Bairro Campestre.

Certificado de Conformidade valido somente acompanhado das paginas de 1a 9
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Data de Emissdo: Valido até:

Date of Issue 10/11/2022 Vi T € 09/11/2025

585755 31CP6/57/55 34,65Wh

VAIO 575983 31CP6/59/83 55,20 Wh
NP50BAT-4-54 54Wh

SHUTL BATER 2C LI-PO 4000MAH MONT LCD FHD 47WH
NT140FHM-N44 EDP

SIMPLO NP50BAT-4-54 54Wh

SCUD NP50BAT-4-54 54Wh
LCD FHD NT140FHM-N44 EDP 1920X1080

EE_LCD_N15WP6_15.6 inch\LCD\TN\BOE
glass\FHD 1920*1080\NT156FHM-N61-
V8.0\30PIN\EDP
interface\350.96*216.75*3.2MM

LCD_15.6 inch \TN\BOE\LCD NT156 WHM-
N44\30pin\350.66*%205.35*3.2mm\EDP\anti | 1366*768
glare

BOE N14WP6_14.1 inch\LCD\TN\BOE\30PIN\ED

P\315.81*197.45*3.0MM\NT140FHM-N44- | 1920*1080
V8.1

LCD

FHD NT140FHM-N44 EDP 30 pins

* .
315.8*186.05*3.0MM 192071080 anti-glare

NV156FHM-N4K 15.6"

N15.6"FHD/WVA/144HZ/N4/NON

NV156FHM-NX4 GT/EDP 2.6MM

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.
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Data de Emissdo: Valido até:

Date of Issue 10/11/2022 Valid Term 09/11/2025
N15.6" FHD/WVA/N4/NON
NV156FHM-N48 GT/EDP 3.2MM
VAIO CLARK LCD 14 AGLARE FHD PRETO 1920X1080
LCD TN N156BGA-EA3 EDP 30 pins *
350.73*205.29*3.05MM anti-glare 13667768
LCD TN N156HGA-EA3 30 pins *
350.66*216.25*3.05MM 192071080
LCD_TN N156HGA EA3 Rev.C 30PIN *
350.73*205.29*3.05MM 192071080
LCD IPS N156HCA-EAB 30pin "
350.66*205.25*3.0mm jo2071080
LCD_15.6 inch \IPS\Innolux\LCD N156HRA-
EA1\40pin\350.66*205.24*3.0mm\EDP\anti | 1920*1080
glare
LCD_15.6 inch \IPS\Innolux\LCD N156HCA-
H * * H *
INNOLUX EAA\40pin\350.66*205.25*3.0mm\EDP\anti | 1920*1080
glare
LCD_15.6 inch\TN\Innolux\ LCD INNOLUX
HD 166*768\N156BGA-EA3\40pin\350.66* | 1366*768
205.25*3.0mm\EDP\anti glare
14.1 inch\with INNOLUX FHD TN LCD\N140
HGAEA1\320.4*205.1*3.0MM\30pin\EDP
14.1 inch\with INNOLUX FHD TN LCD\N140F
HM- N43\315.81*186.05*3.0MM\30pin\
EDP

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —
Bairro Campestre.
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Valido até:

Date of Issue 10/11/2022 Valid Term 09/11/2025
14.0 inch\Innolux\FHD\IPS LCD\N140HCA-
EAC\315.81*185.74*3.0MM\30pin\anti- 1920*1080
glare\EDP
N156HCE-EN1 15.6"
N15.6" FHD/WVA/N4/NON
N156HCA-EAB GT/EDP LED 3.2MM
14.1 inch\with with QHD IPS LCD\ B140QAN *
15D 02.0\315.05*%185.84*2.4MM\30pin\EDP 256071440
AUO B156HANO02.1 15.6"
PANDA LM156LF2F 15.6”
LP156WFG 15.6”
= LP156WEJ-SPBA N15.6"FHD/WVA/144HZ/N4/NON
GT/EDP 3.2MM
SHARP LQ156M1JW07 15.6”
SAMSUNG ATNA56WRO01 15.6”
. VJFE-KL/VJFE-CL/VJFE-IL/VIFE-
th th th,1 9th ®
io,r(elgr(,)gjsséljoraezd 13th Generation Intel ADL/VIFE-AMD/ VIPX11-
ADL/VIJPW11-ADL/VJFE-TGL/
BMORN
Processadores AMD RyzenTM VIEE-RPL
o VJFE-KL/VJFE-CL/VJFE-IL/VIFE-
PLACA MAE
8t 10%", 11™12% and 13th Generation Intel® | ADL/VJFE-AMD/ VJPX11-
VAIO Core Processadores ADL/VJPW11-ADL/VJFE-TGL/
Processadores AMD RyzenTM VIJFE-RPL/NP55RNIJ-V/NP55RNH-
V/VJFH51-ADL/VIJFH52-RPL

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve

ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —

Bairro Campestre.
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Date of Issue 10/11/2022 Valid Term 09/11/2025
th H ®
VJFH51-ADL/VJFH52-RPL
HDD 1TB - WD10SPZX
WD HDD 500GB - WD5000LPCX
WD5000LPZX — 500GB
HDD 1TB - MQO4ABF100
HDD
TOSHIBA HDD 500GB - MQO1ABF050
HDD 1TB MQO4ABF100 - HDKJBO1
HDD 500GB 2.5 inch ST500LMO030
SEAGATE
HDD 1TB 2.5 inch ST1000LM048
CONJ SSD 256GB M2 PCIE VAIO
SSD INTERCAMBIAVEL | INTERCAMBIAVEL

CONJ SSD 256GB M2 PCIE VAIO

*Nota: Sdo considerados componentes intercambidveis os SSDs de fabricantes e modelos que atendam

as caracteristicas definidas no campo DADOS TECNICOS deste certificado.

Marca concedida

O uso da marca de Certificagdo da T&A Brasil é limitado as condi¢des estabelecidas no contrato. A validade deste Certificado estd atrelada a realizagdo das avaliagdes de manutengdo e tratamento de
possiveis ndo conformidades de acordo com as orientagdes da T&A Brasil previstas no RAC especifico. Para verificagdo da condigdo atualizada de regularidade deste Certificado de Conformidade deve
ser consultado o banco de dados de produtos e servigos certificados do Inmetro. Este certificado é de uso exclusivo do Cliente da T&A Brasil e é fornecido de acordo com o contrato de certificagdo
entre T&A Brasil e seu cliente. A responsabilidade da T&A Brasil esta limitada aos termos e condigdes do contrato. A T&A Brasil ndo assume qualquer responsabilidade, salvo por parte do cliente, de
acordo com o contrato, por perda, despesa ou dano causado pela utilizagdo deste Certificado e/ou da marca. Apenas o cliente esta autorizado a permitir a cépia ou distribuigdo deste Certificado. Para
mais informagdes, contate: e-mail: tea@teabrasil.com.br ou Telefone: +55 11 3273-9149 — Avenida Industrial, 780 — 122 Andar — Sala 1208 — Jardim Park Business — Santo André — CEP 09080-500 —

Bairro Campestre.
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VAIO FHI15

Product Summary:

Product Type: Notebook
Registered In: Brazil
Manufacturer: Positivo Tecnologia
S.A.
EPEAT Tier: Bronze
Registration Date: 2023-06-07
Product Status: Active

All unique product identifiers existing for this product
may not be listed here. If the unique product identifier
you are looking for is not listed, please contact EPEAT at
EPEAT@GEC.org.

EXPORT PRODUCT SUMMARY

EPEAT Tier Score Detail

For a product to be listed on the EPEAT Registry, it must, at
a minimum, meet the applicable “required” criteria. Click
here to see a list of the required criteria for this product
category.

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrlI=%252F computers-and-displays-search-result%252Fpage...

1/4
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This product has met the necessary required criteria.

Along with required criteria, products can also meet
optional criteria and score optional points. It is not
required for a product to achieve any optional points.

Products that meet all required criteria and achieve less
than 50% of the optional points are rated at
EPEAT Bronze

Products that meet all required criteria and achieve 50 -
74% of the optional points are rated at

EPEAT Silver

Products that meet all required criteria and achieve 75 -
100% of the optional points are rated at

EPEAT Gold

The optional criteria for this product category and
optional points achieved by this product are listed below.

Optional Criteria Scores

4.1 Substance 0/16
Management

4.2 Materials 0/3
Selection

4.4 Product o/4

longevity/life-
cycle extension

4.5 Energy 0/3
Conservation

-+

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrI=%252Fcomputers-and-displays-search-result%252Fpage...  2/4
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4.7 Packaging 0/2
4.8 Life cycle o/6
assessment
and carbon
footprint
4.9 Corporate 0/9
Environmental
Performance
4.10 Corporate o/6
social

responsibility

TOTAL
OPTIONAL

CRITERIA
SCORE:

Please note that Some optional criteria may not be

it is not required applicable to a product. Optional

for a product to criteria that are not applicable (N/A)
achieve any to the product are not included in
optional points. the Total Optional Criteria Score,

and are not reflected above.

For any questions, comments, or feedback regarding the
EPEAT Registry, please contact us.

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrI=%252F computers-and-displays-search-result%252Fpage...  3/4
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Contact Us
+1.503.279.9383
PO Box 12149 Portland, OR 97212-0149 USA

Stay connected with regular updates from EPEAT

© 2023 Green Electronics Council dba Global Electronics Council. All rights reserved.

EPEAT Registry Privacy Policy

EPEAT Registry Terms of Use

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrI=%252F computers-and-displays-search-result%252Fpage...  4/4
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Computers & Displays Product Category Required Criteria

All EPEAT Computers & Displays Products must meet, at a minimum, the following required criteria.

(41.10)
(41.3)
(41.5.1)
(41.7.1)

(4.210)

(4.310)
(4.3.21)
(4.32.2)
(4.410)
(4.4.2)
(4.4.2.3)
(4.4.2.4)
(4.5..7)
(45..2)

(4.6..1)
(4.6.21)
(4.6.3.1)

(4.7.10)
(4.7.1.2)
(4.7.2)
(4.7.22)
(4.7.31)

(4.9.10)

(4.9.21)

Conformance with European Union ROHS Directive substance restrictions
Elimination of intentionally added mercury in light sources

Reduction of bromine and chlorine content in plastic parts >25 grams
Compliance with provisions of EU Battery Directive

Minimum post-consumer recycled plastic, ITE-derived post-consumer recycled
plastic or bio-based plastic content

Identification of materials and components requiring selective treatment
Plastic parts compatible with recycling

Plastic parts separable for recycling

Service support

Removal of external enclosure

Spare parts

Battery replacement and information

Conformance to current ENERGY STAR program requirements

Lowest Power Mode limit

Provision of product take-back services

Provision of a removable rechargeable battery take-back program
End-of-life processing

Elimination of intentionally added heavy metals in packaging

Elimination of elemental chlorine as a bleaching agent in packaging material
Separable packaging material

Plastics marked in packaging materials

Recycled content in wood-based fiber packaging

Third party certified environmental management system (EMS) for design and
manufacturing organizations

Corporate environmental performance reporting by manufacturer

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrlI=%252F computers-and-displays-search-result%252Fpage...
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VAIO FH15 | EPEAT Registry

Computers & Displays Product Category Required Criteria

All EPEAT Computers & Displays Products must meet, at a minimum, the following required criteria.

(41.1)
(41.31)
(41.5.1)
(41.7.0)

(4.21.0)

(4.31)
(4.3.2)
(432.2)
(4.410)
(4.4.27)
(4.4.2.3)
(4.4.2.4)
(4.5.11)
(45.1.2)

(4.6.11)
(4.6.21)
(4.6.3)

(4.7.10)
(4.7.1.2)
(4.7.2)
(4.7.2.2)
(4.7.37)

(4.9.11)

(4.9.2.1)

https://www.epeat.net/product-details/7622e9bea2214b6396aa52561dbe0dfb?backUrlI=%252F computers-and-displays-search-result%252Fpage...

Conformance with European Union ROHS Directive substance restrictions
Elimination of intentionally added mercury in light sources

Reduction of bromine and chlorine content in plastic parts >25 grams
Compliance with provisions of EU Battery Directive

Minimum post-consumer recycled plastic, ITE-derived post-consumer recycled
plastic or bio-based plastic content

Identification of materials and components requiring selective treatment
Plastic parts compatible with recycling

Plastic parts separable for recycling

Service support

Removal of external enclosure

Spare parts

Battery replacement and information

Conformance to current ENERGY STAR program requirements

Lowest Power Mode limit

Provision of product take-back services

Provision of a removable rechargeable battery take-back program
End-of-life processing

Elimination of intentionally added heavy metals in packaging

Elimination of elemental chlorine as a bleaching agent in packaging material
Separable packaging material

Plastics marked in packaging materials

Recycled content in wood-based fiber packaging

Third party certified environmental management system (EMS) for design and
manufacturing organizations

Corporate environmental performance reporting by manufacturer
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& MicrosoftMicrosoft Security
Azure
Dynamics 365
Microsoft 365
Windqw&&gnma;ipelgcﬁr/gducts List

Windows 365
Welcome to the Windows Comganble Pcts List! Windows Hardware Compatibility means that a

manufacturer has rigorously tested theithardware and met all of Microsoft's compatibility
requirements. Use the search below to find Compatible products and download a Verification Report
for any OS.

For Server products, we recommend you use the Windows Server Catalog as it is designed to give
you more detailed and Server specific information.

Partner Center

All Microsoftv

Marketing/Product Name* Company Name D & U Status Select
Operating
System
VAIO FH15 Searchi X 0O All v All Oper: v
Product D/U Status Company Certifications Verification
Name Report
VAIO Not Positivo Certified for Microsoft Download
FH15 Universal Tecnologia SA Windows 11 Client family Certification
Not version 22H2, x64 Report
Declarative
VAIO Not Positivo Certified for Microsoft Download
FH15 Universal Tecnologia SA Windows 11 Client family Certification
Not version 22H2, x64 Report
Declarative
Viewing page 1 of 1
What's new Microsoft Education Business Developer Company
Surface Laptop Store Microsoft in Microsoft Cloud &l Careers
Studio 2 Account profile education Azure
Microsoft Security About Microsoft
Surface Laptop Go Dewillens Devices for Developer
3 @Enten education Dynamics 365 Camiar Company news

Surface Pro 9

https://partner.microsoft.com/en-us/dashboard/hardware/search/cpl

Microsoft 365

Documentation
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Surface Laptop 5 Microsoft Store

support
Surface Studio 2+

Returns
Copilot in Windows

Order tracking
Microsoft 365

Certified
Windows 11 apps Refurbished

Microsoft Store
Promise

Flexible
Payments

@ English (United States)

Sitemap Contact Microsoft

Recycling About our ads

Microsoft Teams
for Education

Microsoft 365
Education

How to buy for
your school

Educator training
and
development

Deals for
students and
parents

Azure for
students

Your Privacy Choices

Privacy
© Microsoft 2023

Manage cookies

https://partner.microsoft.com/en-us/dashboard/hardware/search/cpl

Partner Center

Microsoft Power
Platform

Microsoft Teams

Microsoft Industry

Small Business

Terms of use

Microsoft Learn

Microsoft Tech
Community

Azure
Marketplace

AppSource

Visual Studio

Trademarks

Privacy at
Microsoft

Investors

Diversity and
inclusion

Accessibility

Sustainability

Safety & eco
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Microsoft

Hardware certification report Approved

Private product ID: 14130085824291883

Shared product ID: 401564008

Submission ID: 1152921505697045541

Submission date: 11/19/2023

Completion date: 11/19/2023

Company: Positivo Tecnologia SA

Product name: VAIO FH15

Category: System

Product type: Laptop

Qualification level: Certified for Microsoft Windows 11 Client family version 22H2, x64

Marketing name: VAIO FH15
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& MicrosoftMicrosoft Security

Partner Center

Azure All Microsoftv

Dynamics 365
Microsoft 365
Windows&empatible Products List

Windows 365
Welcome to the Windows Comgatlble Pcts List! Windows Hardware Compatibility means that a

manufacturer has rigorously tested theithardware and met all of Microsoft's compatibility
requirements. Use the search below to find Compatible products and download a Verification Report
for any OS.

For Server products, we recommend you use the Windows Server Catalog as it is designed to give
you more detailed and Server specific information.

Marketing/Product Name* Company Name D & U Status Select
Operating
System
SM-6620 Searchi X 0O All v Window: v
Product D/U Status Company Certifications Verification
Name Report
Mouse Not Positivo Certified for Microsoft Download
Positivo Universal Tecnologia Windows 11 Client family Certification
SM-6620 Not SA version 22H2, x64 Report
Declarative
Viewing page 1 of 1
What's new Microsoft Education Business Developer Company
Store &IT
Surface Laptop Microsoft in Microsoft Cloud Careers
Studio 2 Account profile education Azure
Microsoft Security About Microsoft
Surface Laptop Go Download Devices for Developer
3 Center education Dynamics 365 Center Company news
Surface Pro 9 Microsoft Store Microsoft Teams  Microsoft 365 Documentation Privacy at
support for Education Microsoft
Surface Laptop 5 Microsoft Power Microsoft Learn
Returns Microsoft 365 Platform Investors
Surface Studio 2+ Education Microsoft Tech
Order tracking Microsoft Teams Community Diversity and

Copilot in Windows

How to buy for

https://partner.microsoft.com/en-us/dashboard/hardware/search/cpl

inclusion
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: e our school .
Microsoft 365 Certified YO Microsoft Industry

Refurbished -
Educator training

and
development

Windows 11 apps Small Business

Microsoft Store

Promise
Deals for
Flexible
students and
Payments
parents
Azure for
students

@ English (United States) Your Privacy Choices

Sitemap Contact Microsoft Privacy Manage cookies Terms of use

Recycling About our ads © Microsoft 2023

https://partner.microsoft.com/en-us/dashboard/hardware/search/cpl

Azure
Marketplace

AppSource

Visual Studio

Trademarks

Accessibility

Sustainability

Safety & eco
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Private product ID:
Shared product ID:

Submission ID:
Submission date:
Completion date:
Company:
Product name:
Category:

Product type:
Qualification level:

Marketing name:

Microsoft

Hardware certification report Approved

14097816555483026
401338813
1152921505696309268
5/17/2023

5/17/2023

Positivo Tecnologia SA
Mouse Positivo SM-6620
Device

Other Device

Certified for Microsoft Windows 11 Client family version 22H2, x64
Mouse Positivo SM-6620



